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双鱼岛工程关键性设计技术研究 
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Research on the key design technology of Shuang Yu Artificial Island 
Jin Hui, Ke Xue 
(CCCC Third Harbor Consultants Co., Ltd., Shanghai 200032) 
 
Abstract: The artificial island is constructed artificially instead of forming naturally; the use of 
modern artificial island is very extensive, it can be used for the construction of deepwater port, 
airport, power plant and other industrial bases such as crude oil, coal and emerging maritime city. 
ShuangYu Artificial  Island (Commissioned by China Merchants Group Zhangzhou 
Economic-Technological Development Area) is the first domestic artificial island which is 
approved by the State Council to be fully developed for tourism, living and ecology, it is a 
comprehensive coastal maritime project, city developing and constructing project which integrates 
city planning and landscape layout, high level protection dyke, the ecological coastline, high-end 
yacht base, large artificial swimming pool, vast backfilling reclamation area and extremely soft 
ground treatment, navigation gate(sluice), flood control and drainage, inland river seepage 
proofing and water exchange. This paper particularly introduces how to consider the connection 
between ShuangYu Island’s preceding land reclamation design and later layout and building, and 
intensively researches key technology such as determining the reasonable construction standards, 
the structural scheme of the outer revetment, backfilling material selection of land formation, the 
overall idea of project development et al ., according to the features that the engineering 
geological location is relatively complex and the thickness of silt layer is large, the key technology 
of the project is demonstrated to be under control and the objective of optimum overall project 
investment has been achieved.  
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年、100 年一遇极值潮位值如下（潮位及高程均采用 1985 国家高程基准）： 
100 年一遇高水位      4.62 m 
100 年一遇低潮位     -3.31 m 
50 年一遇高水位      4.49 m 


























南侧，落差最大接近 20m(指水平 10~15m 距离范围内的突变)。 
 
图 3  人工岛东西向（左西右东）淤泥分布示意图 
淤泥的工程性能差，饱和，呈流塑～软塑状，含水量较高，属高压缩性、高














































年、100 年一遇极值潮位值如下（潮位及高程均采用 1985 国家高程基准）： 
100 年一遇高水位      4.62 m 
100 年一遇低潮位     -3.31 m 
50 年一遇高水位      4.49 m 


























南侧，落差最大接近 20m(指水平 10~15m 距离范围内的突变)。 
 
图 3  人工岛东西向（左西右东）淤泥分布示意图 
淤泥的工程性能差，饱和，呈流塑～软塑状，含水量较高，属高压缩性、高
















































护岸高程为 6.7m，挡浪墙高程取 7.9m，西区护岸高程为 5.7m，其上设混凝土挡









价较高，但比斜坡式护岸增加用地面积约 8.12 万 m2。经经济效益评价分析，本
项目土地保本转让价 60 万元/亩，折合 900 元/m2，相当于直立式护岸增加的生
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表 1  双鱼岛外护岸爆破参数统计表 
护岸分段 内侧 外侧 内侧 外侧 内侧 外侧 内侧 外侧 





36.5 33.5 23.9 21.1 24.3 21.9 23.9 21.7 
堤顶爆前抛填标高
/m 
>+7.0 4.5 4.5 4.5 
每炮抛填进尺/m 7 6 4 6 
爆炸参数
 
药包间距/m 2.5~3.5 2.5 2.5 2.5 
单药包重量/kg 56 35 34 36 
药包埋深/m >8.0 8.1 11.8 8.3 
一次爆炸药包个数/
个 
19 28 32 27 
一次爆炸用炸药量
/kg 






















双鱼岛工程规划红线内的总面积为 221.67 万 m
2
，扣除内外护岸区、人工泳









取 6.4m（胸墙顶高程为 7.9m），西区陆域平均高程取 5.4m（胸墙顶高程为 6.0m），
各区陆域最终设计高程结合区域用地功能和景观建筑要求确定。 
陆域形成按回填料来源于以下渠道：工程地点附近的鼎仔內山体有大量可开
采的土石方约 1500～1700 万方，土石比例约为 3:7；九龙江提供的砂源，以中、
细砂为主；人工岛西侧游艇航道挖泥，以满足航道通行和一定水深景观要求，
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图 5  地基处理典型断面图 
7、人工泳池 




向，沿海长度约为 580m，面积约为 5.2 万 m2。泳
池划分为浅、深水区，浅水区位于南北二端，面积
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水域面积 28.0 公顷，客运码头水域面积 0.35 公顷。南、北二条防波堤为斜坡
堤，港池口门位于西侧，口门宽度 55.0m。防波堤顶宽 5m，堤头分别设半径




图 6  公共游艇泊位平面图 
主进港航道沿双鱼岛外围自岛东向西、向北进入西港区，垂直进入港池
口门。主进港航道底标高-6.0m，有效底宽 55m；港池底标高为-7.0m。港池内





图 7  游艇码头护岸结构图 
游艇上下岸采用移动式游艇起重机工艺方案，配置 1 台移动式游艇起重机，
起重能力为 50t，负责大、中型游艇的上下岸，配置 1 台游艇叉车，起重能力为














流引起的内河道 24 小时水位下降值为 55.9cm。 
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平面方案如下图： 
 
图 9  防渗方案平面图 
红色区段为防渗措施建议必做的区段，设为 A 方案，黄色区段以 100m 为间
距平分为 6 段，依次增加 100m 长度分为 B1 到 B6 共 6 个方案。经过模型计算，















防渗方案 A B1 B3 B5 









2.5m，排水时内河水位从 2.5m 下降到 1.0m 或 0.0m。主要结论如下： 
（1）排水：落潮时开南闸门，选择外海大潮期潮型，内河、外海水位均为
2.5m 时排水，得到排水至内河水位 1.0m 时历时为 69min 左右，排水至内河水位
0.0m 时历时为 138min 左右，排干历时为 220min 左右。 
（2）引水：涨潮时开北闸门，选择外海平均高潮位潮型，内河、外海水位
均为 1.0m 时引水，得到引水至内河水位 2.5m 时历时为 108min 左右。 
（3）由换水分析可知，第一个换水周期，换水量占原内河道的 43%左右；
第二个换水周期，外海新进的水体由北闸门逐渐涌向南闸门，原河道的水体大部
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本建成了公平路郵輪碼頭，可同時靠泊 3艘 8萬噸級船舶，泊位岸線總長度達 880米。根據規
劃，上海市在吳淞口外建設了 2 個等級超過 8 萬噸級（GT）的大型郵輪泊位。海南三亞鳳凰
島郵輪碼頭現已建成 1個 10萬噸級（GT）郵輪泊位，續建 5萬和 22萬噸級（GT）的郵輪泊
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泊 12萬噸級（GT）船舶），16萬噸級（GT）郵輪泊位 1個（碼頭結構可靠泊 22萬噸級（GT）
船舶）。 
深圳蛇口客運港區客運中心為適應遠期客運業務的發展，規劃方案中，擬建設 10 個 800
噸級（GT）高速客船泊位（其中國內線泊位 4個，港澳線泊位 6個）。具體如下： 
表 1 原規劃各航線的高速客船泊位分配情況 
航線 
國內線 港澳線 
珠海線 海口線 香港線 迪士尼線 香港機場線 澳門線 








表 2 規劃方案與研究後方案比較一覽表 
項目 規劃方案 研究後方案 
郵輪碼頭建設規模 





（1）泊位數共 3 個，包括 5 萬噸級（GT）泊位 1
個（兼靠 8萬噸級），10萬噸級（GT）泊位 1個（兼
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（3）規劃總面積也為 59.5公頃，不超越規劃方案中 60.8公頃面積。 
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高速公路滚石风险评估 
 











中图分类号：                                文献标识码： 
 
Risk analysis of rock fall on Freeway 
 
LI Gang1, ZHOU Jiankun2 
（1. Department of Geotechnical Engineering, College of Civil Engineering, Tongji University, 
shanghai  200092  P.R.China） 
（2.China academy of railway science, Beijing  100081  P.R.China） 
 
Abstract: In the western mountain area rock fall is a very common geological disaster. In recent 
years with rapid economic development in western area, a large number of mountain freeway projects 
has been completed and put into operation. Because of natural weather, human activity, construction or 
management of operation, there are a lot of rock fall disasters during the construction of mountain 
expressway. In the paper, basing on the project of Shui Ma expressway of Yunnan province, the 
accident statistics will be collected, and the rock fall probability will be got. Basing on the on-site 
inspection of Shui Ma project, the risk of potential rock fall will be analyzed. The research work of this 
paper has some reference value of measuring off the freeway project and the analysis of the risk. 
Keyword: freeway；rock fall；risk assessment 
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石发生的次数，如表 2 所示。 
 
表2 风险发生概率等级标准 
Table.2 Rank criterion of risk probability 
等级 语言描述 区间概率 
滚石次数
(次/年) 
1 级 不可能 P<0.01% N=0 
2 级 很少发生 0.01%≤P<0.1% N=1 
3 级 偶尔发生 0.1%≤P<1% 1<n≤4 
4 级 可能发生 1%≤P<10% 4<n≤36 
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Table.3 Factors and criterion of rockfall probability  
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A5:块体形状 片状 层状 条状 块状 球状 
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较多新砸痕 1 次/6 月 1.05 
较少新砸痕 1 次/2 月 1.16 
较多旧砸痕 1 次/3 月 1.11 




痕迹较新 1 次/2 月 1.16 
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1: P<0.01% 1A 2A 3A 4A 5A 
2:0.01%P<0.1% 1B 2B 3B 4B 5B 
3:0.1%P<1% 1C 2C 3C 4C 5C 
4:1%P<10% 1D 2D 3D 4D 5D 













第二指挥部其它滚石风险的等级如图 1 所示。 
 
图 1  第二分指 9～18 标滚石区段风险等级 
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 Risk analysis on arriving shaft of super large diameter shield 
machine under water  
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Abstract: Shield tunnel is developing towards large diameter which brings more risks during 
reception of shield. The reception of shield is very important in tunneling. Based on the engineering 
project of Yangtze River Tunnel, the author analyses all kinds of risks we may meet during the 
construction and provides corresponding strategies by studying the critical construction steps of the 
reception of shield.  
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        图 1 进洞施工工序 
Fig. 1 The arriving shaft scheme 







JN=(jm,n)F×F；其中 jm,n表示 Jm比 Jn的相对重要程度，










































表 1 风险事故损失等级 
Tab.1 Risk factors and the weight 
等级 描述 控制对策 
1 可忽略 需进行管理审视 
2 需考虑 注意，进行常规管理 
3 较严重 重视，采取措施进行监控 
4 严重 需采取控制措施风险方可接受 




图 2 盾构进洞风险递阶层次图 
Fig.1 Hierarchy model of receive’s risk 
 
表 2 风险因子 Ui 及其权重 
Tab.2 Risk factors and the weight 
编  号 风险因素 Ui 的定义 权重 编  号 风险因素 Ui 的定义 权重 
1 洞门设计方案不当 0.0324 17 泥水压力过大 0.0808 
2 地基加固方案不当 0.0220 18 注浆压力过大 0.0826 
3 井内灌水方案不当 0.0212 19 洞门凿除损害 0.0313 
4 井内排水方案不当 0.0211 20 洞圈密封失效 0.1159 
5 轴线测量误差过大 0.0102 21 施工降水不到位 0.0117 
6 盾构工作室控制不当 0.0251 22 洞门混凝土强度偏高 0.0536 
7 盾构机机头沉陷 0.0519 23 密封条未充分挤压 0.0630 
8 泥水供水系统故障 0.0110 24 隧道整圆度不够 0.0046 
9 管片拼装机械故障 0.0110 25 轴线偏差过大 0.0018 
10 注浆及盾尾密封故障 0.0110 26 管片不平整 0.0008 
11 动力及推进系统故障 0.0110 27 违章作业 0.0870 
12 刀头过度磨损 0.0318 28 高空路湿滑发生意外 0.0140 
13 其它设备故障 0.0020 29 机械故障失控 0.0127 
14 流沙或管涌 0.0818 30 触电身亡 0.0204 
15 暗浜地层空洞 0.0184 31 电焊烧伤 0.0127 
16 盾构纠偏扰动 0.0452    
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表 3 风险因子隶属向量 


































4  上海长江隧道风险规避 
4.1风险因子重要性分析 
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1  试验方案 
试验采用颗粒级配的分布为 Cu=1.1～20，并控制




图 1 颗粒级配曲线 
Fig. 1 Grain size distribution 
1.1  理想材料三轴试验 






的模型参数如表 1 所示。 
表 1 DEM 参数 
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Hostun 砂的形状参数  [17]，并通过统计对比分析了其
相似性。  值的定义如下： 
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图 2 颗粒图像处理 
Fig. 2 Process of digital image processing 
图 3 展示了在 0.08～2 mm 范围内 Hostun 砂 β值






图 3 颗粒形状参数统计直方图 










































2.2  基于级配效应的极限状态线研究 
图 5 分别展示了，3 种颗粒材料在 q– p平面（图






分别是 0.79，0.8 和 1.1。e– p平面上的临界状态线
















pat 是大气压力，取为 101.3 kPa）。 
由图 5（a）～5（c）可以看出，在 q– p平面上，
同一种材质不同级配材料的临界状态点都落在同一临










图 4 数值模拟颗粒级配对应力应变响应的影响 
Fig. 4 Numerical simulation of GSD effect on stress-strain responses 
   
图 5 三种材料的临界应力状态线 
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Fig. 5 Critical state lines of three materials 
 
图 6 临界状态系数随不均匀系数变化规律 
Fig. 6 Relationship between critical state parameters and coefficient of uniformity 
由公式（2）可知，对于给定的材料，当 pat 和 ξ
给定时，临界状态线可以通过两个参数确定（eref和 λ），
拟合参数如表 2 所示。 
图 6按照指数形式的方程拟合了参照孔隙率（eref）
以及斜率 和不均匀系数 Cu的关系。由图可知随着不
均匀系数 Cu的逐步增大，参照孔隙率 eref和斜率 逐
渐下降。对于玻璃球和 Hostun 砂，在 Cu高于 10 以后，
参照孔隙率 eref以及斜率 逐渐趋于平缓。 
表 2 3 种颗粒材料的临界状态线系数 
Table 2 Critical state parameters of three granular materials 
Cu 
DEM 玻璃球 Hostun 砂 

















10   0.410 4.0×10
-3 0.630 5.5×10
-3 
20   0.320 3.8×10
-3 0.610 4.4×10
-3 



















[1] HU W, YIN Z Y, DANO C, 等. A constitutive model for 
granular materials considering grain breakage[J]. Science 
China Technological Sciences, 2011, 54(8): 2188–2196. 
[2] 刘汉龙, 孙逸飞, 杨  贵, 等. 粗粒料颗粒破碎特性研究述
评[J]. 河海大学学报(自然科学版), 2012, 40(4): 361–369. 
(LIU Han-long, SUN Yi-fei, YANG Gui, et al. A review of 
particle breakage characteristics of coarse aggregates[J]. 
Journal of Hohai University: Natural Sciences, 2012, 40(4): 
361–369. (in Chinese)) 
                               
[3] 孙海忠, 黄茂松. 考虑颗粒破碎的粗粒土临界状态弹塑性
本构模型[J]. 岩土工程学报 , 2010, 32(8): 1284–1290. 
(SUN Hai-zhong, HUANG Mao-song. Critical state 
elasto-plastic model for coarse granular aggregates 
incorporating particle breakage[J]. Chinese Journal of 
Geotechnical Engineering, 2010, 32(8): 1284–1290. (in 
Chinese)) 
[4] FOURIE A B, PAPAGEORGIOU G. Defining an appropriate 
steady state line for Merrriespruit gold tailings[J]. Canadian 
Geotechnical Journal, 2001, 38(4): 695–706. 
[5] HU W. Contribution a l’etude de l’effet d’echelle dans les 
materiaux granulaires[D]. Nantes: Ecole Centrale de Nantes, 
2009. (HU W. Contribution to the scale effect of granular 
materials[D]. Nantes: Central University of Nantes, 2009. (in 
French)) 
[6] COOP M. The mechanics of uncemented carbonate sands[J]. 
Géotechnique, 1990, 40(4): 607–626. 
[7] VERDUGO R, HOZ K. Strength and stiffness of coarse 
granular soils[C]// Proceeding of Geotechnical Symposium 
Soil Stress-Strain Behavior: Measurement, Modeling and 
Analysis Rome, 2007: 243–252. 
[8] BIAREZ J, HICHER P Y. Influence de la granulométrie et de 
son évolution par ruptures de grains sur le comportement 
mécanique de matériaux granulaires[J]. Revue Francaise de 
Genie Civil, 1997, 1(4): 607–631. (Influence of grains 
breakage on the mechanical behaviors of granular materials 
[J]. Journal of French Civil Engineering, 1997, 1(4): 607–
631. (in French)) 
[9] DAOUADJI A, HICHER P Y, RAHMA A. An elastoplastic 
model for granular materials taking into account grain 
breakage[J]. European Journal of Mechanics-A/Solids, 2001, 
20(1): 113–137. 
[10] 尹振宇, 许  强, 胡  伟. 考虑颗粒破碎效应的粒状材料
本构研究: 进展及发展[J]. 岩土工程学报, 2012, 34(12): 
2170 – 2180. (YIN Zhen-yu, XU Qiang, HU Wei. 
Constitutive relations for granular materials considering 
particle crushing: review and development[J]. Chinese 
Journal of Geotechnical Engineering, 2012, 34(12): 2170–
2180. (in Chinese)) 
[11] MUIR WOOD D, MAEDA K. Changing grading of soil: 
effect on critical states[J]. Acta Geotechnica, 2007, 3(1): 3–
14. 
[12] YAN W, DONG J. Effect of particle grading on the response 
of an idealized granular assemblage[J]. International Journal 
of Geomechanics, 2011, 11(4): 276–285. 
[13] BELKHATIR M, ARAB A, SCHANZ T, et al. Laboratory 
study on the liquefaction resistance of sand-silt mixtures: 
effect of grading characteristics[J]. Granular Matter, 2011, 
13(5): 599–609. 
[14] YUDHBIR, ABEDINZADEH R. Quantification of particle 
shape and angularity using the image analyzer[J]. 
Geotechnical Testing Journal, 1991, 14(3): 296–308. 
[15] CHO G, DODDS J, SANTAMARINA J. Particle shape 
effects on packing density, stiffness, and strength: natural and 
crushed sands[J]. Journal of Geotechnical and 
Geoenvironmental Engineering, 2006, 132(5):591–602. 
[16] MAEDA K, FUKUMA M, NUKUDANI E. Macro and micro 
critical states of granular materials with different grain 
shapes[C]// Proceeding of The 6th International Conference 
on Micromechanics of Granular Media. Golden, 2009: 829–
832. 
[17] CAVARRETTA I. The influence of particle characteristics on 
the engineering behaviour of granular materials[D]. London: 
Imperial College, 2009. 
[18] ISHIHARA K. Liquefaction and flow failure during 
earthquakes[J]. Géotechnique, 1993, 43(3): 351–415. 
[19] LI X S, WANG Y. Linear representation of steady-state line 
for sand[J]. Journal of Geotechnical and Geoenvironmental 



















Fig. 5 Critical state lines of three materials 
 
图 6 临界状态系数随不均匀系数变化规律 
Fig. 6 Relationship between critical state parameters and coefficient of uniformity 
由公式（2）可知，对于给定的材料，当 pat 和 ξ
给定时，临界状态线可以通过两个参数确定（eref和 λ），
拟合参数如表 2 所示。 
图 6按照指数形式的方程拟合了参照孔隙率（eref）
以及斜率 和不均匀系数 Cu的关系。由图可知随着不
均匀系数 Cu的逐步增大，参照孔隙率 eref和斜率 逐
渐下降。对于玻璃球和 Hostun 砂，在 Cu高于 10 以后，
参照孔隙率 eref以及斜率 逐渐趋于平缓。 
表 2 3 种颗粒材料的临界状态线系数 
Table 2 Critical state parameters of three granular materials 
Cu 
DEM 玻璃球 Hostun 砂 

















10   0.410 4.0×10
-3 0.630 5.5×10
-3 
20   0.320 3.8×10
-3 0.610 4.4×10
-3 



















[1] HU W, YIN Z Y, DANO C, 等. A constitutive model for 
granular materials considering grain breakage[J]. Science 
China Technological Sciences, 2011, 54(8): 2188–2196. 
[2] 刘汉龙, 孙逸飞, 杨  贵, 等. 粗粒料颗粒破碎特性研究述
评[J]. 河海大学学报(自然科学版), 2012, 40(4): 361–369. 
(LIU Han-long, SUN Yi-fei, YANG Gui, et al. A review of 
particle breakage characteristics of coarse aggregates[J]. 
Journal of Hohai University: Natural Sciences, 2012, 40(4): 
361–369. (in Chinese)) 
                               
[3] 孙海忠, 黄茂松. 考虑颗粒破碎的粗粒土临界状态弹塑性
本构模型[J]. 岩土工程学报 , 2010, 32(8): 1284–1290. 
(SUN Hai-zhong, HUANG Mao-song. Critical state 
elasto-plastic model for coarse granular aggregates 
incorporating particle breakage[J]. Chinese Journal of 
Geotechnical Engineering, 2010, 32(8): 1284–1290. (in 
Chinese)) 
[4] FOURIE A B, PAPAGEORGIOU G. Defining an appropriate 
steady state line for Merrriespruit gold tailings[J]. Canadian 
Geotechnical Journal, 2001, 38(4): 695–706. 
[5] HU W. Contribution a l’etude de l’effet d’echelle dans les 
materiaux granulaires[D]. Nantes: Ecole Centrale de Nantes, 
2009. (HU W. Contribution to the scale effect of granular 
materials[D]. Nantes: Central University of Nantes, 2009. (in 
French)) 
[6] COOP M. The mechanics of uncemented carbonate sands[J]. 
Géotechnique, 1990, 40(4): 607–626. 
[7] VERDUGO R, HOZ K. Strength and stiffness of coarse 
granular soils[C]// Proceeding of Geotechnical Symposium 
Soil Stress-Strain Behavior: Measurement, Modeling and 
Analysis Rome, 2007: 243–252. 
[8] BIAREZ J, HICHER P Y. Influence de la granulométrie et de 
son évolution par ruptures de grains sur le comportement 
mécanique de matériaux granulaires[J]. Revue Francaise de 
Genie Civil, 1997, 1(4): 607–631. (Influence of grains 
breakage on the mechanical behaviors of granular materials 
[J]. Journal of French Civil Engineering, 1997, 1(4): 607–
631. (in French)) 
[9] DAOUADJI A, HICHER P Y, RAHMA A. An elastoplastic 
model for granular materials taking into account grain 
breakage[J]. European Journal of Mechanics-A/Solids, 2001, 
20(1): 113–137. 
[10] 尹振宇, 许  强, 胡  伟. 考虑颗粒破碎效应的粒状材料
本构研究: 进展及发展[J]. 岩土工程学报, 2012, 34(12): 
2170 – 2180. (YIN Zhen-yu, XU Qiang, HU Wei. 
Constitutive relations for granular materials considering 
particle crushing: review and development[J]. Chinese 
Journal of Geotechnical Engineering, 2012, 34(12): 2170–
2180. (in Chinese)) 
[11] MUIR WOOD D, MAEDA K. Changing grading of soil: 
effect on critical states[J]. Acta Geotechnica, 2007, 3(1): 3–
14. 
[12] YAN W, DONG J. Effect of particle grading on the response 
of an idealized granular assemblage[J]. International Journal 
of Geomechanics, 2011, 11(4): 276–285. 
[13] BELKHATIR M, ARAB A, SCHANZ T, et al. Laboratory 
study on the liquefaction resistance of sand-silt mixtures: 
effect of grading characteristics[J]. Granular Matter, 2011, 
13(5): 599–609. 
[14] YUDHBIR, ABEDINZADEH R. Quantification of particle 
shape and angularity using the image analyzer[J]. 
Geotechnical Testing Journal, 1991, 14(3): 296–308. 
[15] CHO G, DODDS J, SANTAMARINA J. Particle shape 
effects on packing density, stiffness, and strength: natural and 
crushed sands[J]. Journal of Geotechnical and 
Geoenvironmental Engineering, 2006, 132(5):591–602. 
[16] MAEDA K, FUKUMA M, NUKUDANI E. Macro and micro 
critical states of granular materials with different grain 
shapes[C]// Proceeding of The 6th International Conference 
on Micromechanics of Granular Media. Golden, 2009: 829–
832. 
[17] CAVARRETTA I. The influence of particle characteristics on 
the engineering behaviour of granular materials[D]. London: 
Imperial College, 2009. 
[18] ISHIHARA K. Liquefaction and flow failure during 
earthquakes[J]. Géotechnique, 1993, 43(3): 351–415. 
[19] LI X S, WANG Y. Linear representation of steady-state line 
for sand[J]. Journal of Geotechnical and Geoenvironmental 


















中图分类号：TU473；U656       文献标识码：A       文章编号：1000–4548(2012)07–1338–06 
作者简介：丁勇春(1979– )，男，博士，高级工程师，主要从事基坑工程、港口水工建筑物的设计与研究。E-mail: 
ycding@163.com。 
Schematic design and performance of retaining structure for waterfront excavation 
DING Yong-chun, HANG Jian-zhong, GU Qun, CHENG Ze-kun 
(CCCC Third Harbor Consultants Co., Ltd., Shanghai 200032, China) 
Abstract: In combination with the schematic design of a large-scale waterfront deep excavation for passenger station adjacent 
to the front wharf on piles, a kind of composite steel sheet pile retaining structure scheme for the foundation excavation is 
proposed to satisfy the waterfront construction condition of retaining structure and to minimize the design alteration of the front 
wharf on piles. The two-dimensional finite element numerical models are established with Plaxis to study the deformation and 
mechanical performance of the two feasible waterfront retaining structure schemes, including diaphragm walls and composite 
steel sheet piles. The calculated results show that the composite steel sheet piles can be constructed in parallel with the front 
wharf on piles in water so as to avoid massive backfill and subsequent excavation. This leads to the decrease of earth pressure 
loading on the retaining structure during inside excavating and strutting, which brings positive effects on deformation control 
and overall stability of the excavation. The maximum lateral deflection of the composite steel sheet piles is only one third of the 
diaphragm walls when the pit is excavated to the bottom, which means the steel sheet piles with two rows and the cast-in-place 
concrete can exert the stiffness of the composite load-carrying structure effectively. The proposed composite steel sheet pile 
retaining structure scheme can provide a useful reference for the design and construction of similar waterfront excavation 
projects. 
Key words: waterfront excavation; diaphragm wall; composite steel sheet pile; wharf on piles; slope embankment 




































1  工程概况 
1.1  工程简介 
某港区客运综合体位于拟建邮轮码头及客运码头
后方，是由多栋高层建筑组成的建筑群，设 3层地下
室，基坑平面呈不规则 L形，面积约 6×104 m2，深度




码头宽度 25 m，排架间距 9 m，每榀排架 5根桩，均






















图 1 基坑平面布置及周边环境 








距邮轮码头前沿 30 m 处采用复合钢板桩作为基坑围
护结构。两排 U形钢板桩中心间距 1.5 m，钢板桩间
采用混凝土填充，构成复合钢板桩基坑围护结构。该
方案由于围护结构可与高桩码头同步进行水上施工，




-10.0 m，支撑断面尺寸均为 1 m×1 m，按水平间距 6 
m原则布置。两种方案的支护结构混凝土强度等级均
为 C30，钢板桩钢材牌号为 Q235。 
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率 90%），极端高水位 2.69 m（50 a极值高水位），极
端低水位-1.61 m（50 a极值低水位）。 
表 1 主要土层物理力学指标 




















②1 14.7 2.3 3.9 1.46    
③1 19.1 27.9 12.9 5.27 26.4 13.2 131.7
④1 18.9 17.5 11.1 5.20 26.0 13.0 130.0
④2 17.5 14.5 8.8 3.69 18.5 9.3 92.3
⑥2 20.0 50.0 25.6 50.0    
2  围护结构设计方案及模型 





















2.2  地下连续墙方案 
地下连续墙方案在距高桩码头前沿 40 m 处设 1 













模量为 24 GPa，泊松比为 0.2。坑内三轴水泥土地基
裙边加固断面为 5 m×5 m，加固体本构模型采用
Mohr-Coulomb模型[10]，重度为 20 kN·m-3，黏聚力为
0.3 MPa，内摩擦角为 30°，泊松比为 0.25，弹性模
量为 500 MPa。地下连续墙方案基坑计算断面如图 2
所示，计算工况如表 2所示。 
 
图 2 地下连续墙方案断面 
Fig. 2 Cross section of diaphragm wall scheme 
表 2 地下连续墙方案计算工况 
Table 2 Calculating steps of diaphragm wall scheme 
工
况 施工内容 
1 码头高桩梁板、驳岸施工，后方回填至-2.5 m 
2 地下连续墙施工（计算后位移清零） 
3 降水至-3.5 m，局部开挖至 0.0 m 
4 施工第 1道撑(0.0 m)，降水至-6.0 m，开挖至-5.0 m 
5 施工第 2道撑(-5.0 m)，降水至-11.0 m，开挖至-10.0 m
6 施工第 3道撑(-10.0 m)，降水至-13.5m，开挖至-12.5 m
2.3  复合钢板桩方案 
复合钢板桩方案在距码头前沿 30 m处设置双排
钢板桩，钢板桩中心间距 1.5 m，桩间水下浇筑 C30
混凝土，使结构整体受力，并满足墙体抗渗要求。两
排钢板桩均进入⑥2 强风化花岗岩层，水下混凝土底
标高需进入④2层 3 m以上，混凝土底标高约-23 m，
混凝土底面以下进行高压注浆止水。钢板桩外侧（坑
外）分别在-8 m和-5 m标高设置宽度为 5 m和 13 m
的水下抛石护坡平台，坡度均为 1∶1.5。钢板桩内侧
（坑内）与外侧抛石同步进行填砂，填砂护坡平台顶





                     
 




图 3所示，计算工况如表 3所示。 
 
图 3 复合钢板桩方案断面 
Fig. 3 Cross section of composite steel sheet pile scheme 
表 3 复合钢板桩方案计算工况 
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4 施工第 1道撑(0.0 m)，降水至-6.0 m，开挖至-5.00 m
5 施工第 2道撑(-5.0 m)，降水至-11.0 m，开挖至-10.0 m








3  方案计算结果及分析 
3.1  基坑变形 
不同工况下地下连续墙水平位移曲线如图 4（a）















图 4 不同工况围护墙水平位移 
Fig. 4 Lateral deflection of retaining wall at different stages 
 
图 5 工况 6地下连续墙方案基坑水平位移云图 
Fig. 5 Lateral displacement contours of diaphragm wall scheme at  










所示，工况 6基坑水平位移云图如图 6所示。工况 2
复合钢板桩在基坑内侧大面积回填土压力作用下向
基坑外侧变形，桩顶向坑外产生的最大水平位移为
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移为 48.2 mm，位于基坑底面附近。 
 
图 6 工况 6钢板桩方案基坑水平位移云图 
Fig. 6 Lateral displacement contours of composite steel sheet pile  


















3.2  支护结构内力 
两种方案最不利工况下围护结构弯矩和剪力包
络图对比如图 7所示。地下连续墙最大正弯矩和最大











而是有利的，图 4（b）中工况 2 围护结构顶部向坑
外产生-22.3 mm的水平位移正说明了这一点。 
 
图 7 两种方案围护结构内力包络图 
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    鋼拉桿係一種運用於土木工程之板樁式
構築物中連接前板樁與拉牆、鋼管板樁的抗
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    鋼拉桿主要特徵為螺紋部位與環形部位
的強度均大於桿體的強度，如圖 3 所示，即 a
區域之 D<D1。 
圖 3.鋼拉桿特徵即 a 區域之 D<D1 
 










表 1. 拉桿的鋼種別對比表 














    鋼拉桿之配件構成主要有鋼拉桿桿體
（圖 5）、套筒螺母（圖 6）、六角頭螺栓、螺

























圖 8. 環形板 
 
§2-2 土木工程用鋼拉桿之構成型態 









圖 10. 一節型鋼拉桿型態 
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圖 13. 鋼拉桿製造工藝 
 
§2-5 鋼拉桿桿體螺紋切削之種類 







固定的，棒徑共有 19 個種類，直徑自 25 毫
米至 90 毫米。 
 
圖 14. 鐓鍛（鍛造成型）加工概要圖 
 







圖 15. 直接切削螺紋加工概要圖 
 
§2-6 鋼拉桿材料之種類及其機械力學性能與 
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表 6. 鋼拉桿與配件標準尺寸-NHT690G 
 
表 7. 鋼拉桿與配件標準尺寸-NHT690 
§2-8 決定鋼拉桿材的種類及尺寸 
§2-8-1 鋼拉桿的張力（T）（表 8） 










表 10. 鋼拉桿表面積簡表 
§2-9-2 鋼拉桿防蝕塗裝之種類（表 11） 
§2-9-2-1 基底處理之 1 種防锈，係經砂布、噴
砂器與噴丸機處理，使金屬露出原色之加工
法 




表 11. 鋼拉桿防蝕塗裝之種類 
 
§2-10 一般用公制螺紋標準尺寸（表 12） 























圖 17. 緊固於拉牆的方法 
 
§2-12 合鐵產業株式會社研製開發之鋼拉桿  
      預先組裝法 
    鋼拉桿預先組裝法（GK 施工方法）是目
論文集
585














表 6. 鋼拉桿與配件標準尺寸-NHT690G 
 
表 7. 鋼拉桿與配件標準尺寸-NHT690 
§2-8 決定鋼拉桿材的種類及尺寸 
§2-8-1 鋼拉桿的張力（T）（表 8） 










表 10. 鋼拉桿表面積簡表 
§2-9-2 鋼拉桿防蝕塗裝之種類（表 11） 
§2-9-2-1 基底處理之 1 種防锈，係經砂布、噴
砂器與噴丸機處理，使金屬露出原色之加工
法 




表 11. 鋼拉桿防蝕塗裝之種類 
 
§2-10 一般用公制螺紋標準尺寸（表 12） 























圖 17. 緊固於拉牆的方法 
 
§2-12 合鐵產業株式會社研製開發之鋼拉桿  
      預先組裝法 
    鋼拉桿預先組裝法（GK 施工方法）是目
論文集
586















圖 18. 鋼拉桿預先組裝法（GK 施工方法） 
 
§2-13 施工實例 








表 13. 施工案例（列舉） 
 
 
圖 19. 施工實例 
 
 
圖 20. 施工實例-海上施工 
 
圖 21. 施工實例 
 
 
圖 22. 施工實例-海上施工 




圖 24. 施工實例-埃及灌溉用水堰堤 
 
 
圖 25. 施工實例-北海道小有珠川 6 號防沙堤 
 
3. 總結 
    鋼拉桿廣泛運用於土木工程項目已行之
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    綜合性貿易商社從事國際貿易工作長達
31 年，分別被派駐中國上海、大連、北京、
深圳及菲律賓馬尼拉。 


























































































































管 道 外 半 徑 (R) 和 管 道 厚 度 (T) 的 比 率
(R/T);(3)裂紋長度(c)和管道外半徑(πR)的
比率(c/πR)）的方程表示。本文運用這些計



















為階段 A，大於此值的為階段 B。 
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通過圖 4可以看到，任意低於 3級 FAD 線的點
S，對於構建仍處於安全階段，然而點 F位於 3
級 FAD 線之上則會導致構建的斷裂破壞。 
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圖 5 管道構建的裂紋增長過程 
研究中各種獨立參數都會對裂紋增長有不同
程度的影響，因此對參數影響做了具體分析，











圖 6疲勞極限隨 c/πR的變化 
              
  圖 7 疲勞極限隨 R/T 的變化                        圖 8 疲勞極限隨 Kc的變化 
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表 2 就地統計海浪循環次數由 EQE 提供 
Wave height(m) 0.0-0.9 1.0-1.9 2.0-2.9 3.0-3.9 4.0-4.9 
Number of cycles 5350296 2977386 1204273.5 485462.1 200179.9 
Wave height(m) 5.0-5.9 6.0-6.9 7.0-7.9 8.0-8.9 9.0-9.9 
Number of cycles 85229.8 37390.2 16977.8 8002 3922.8 
Wave height(m) 10.0-10.9 11.0-11.9 12.0-12.9 13.0-13.9 14.0-14.9 
Number of cycles 2001.1 1059.9 580 325.5 186 
Wave height(m) 15.0-15.9 16.0-16.9 17.0-17.9 18.0-18.9 19.0-19.9 
Number of cycles 107.3 62.1 36 20.7 11.8 
Wave height(m) 20.0-20.9 21.0-21.9 22.0-22.9 23.0-23.9 24.0-24.9 
Number of cycles 6.7 3.7 2 1.1 0.6 
 
S = LH�.�
H = wave  hei ght
L i s a cons t ant
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這個案例研究，洩漏週期以年為單位表示。
選擇與上文相同的材料和裂紋參數，初始的內
表 面 圓 周 表 面 裂 紋 a/T=0.8,R/T=12, 
Kc=2500N/mm
3/2







對於 T=20mm,的情況用 LBB 計算得到的洩漏週
期則少於本文所以出的方法算的的結果。 
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     運用碳纖維增強複合材料（CFRP）
進行對切口梁的疲勞恢復試驗是由

























NH 無 無 無 無 
SHA3103C 單面 45 3 0.132 
SHA6103C 單面 45 6 0.264 
SHL3103C 單面 0 3 0.093 
SHO3103C 單面 多向 3 0.106 
DHA3103C 雙面 45 3 0.264 
表一. 試驗樣品的具體規格 








    用於進行裂紋修補的 CFRP類型是
Sika Wrap Hex 103C（Sika Canada 2012），
長度為 300mm，寬度為 150mm。在附
著 CFRP之前，先把腹板表面打光，塗
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編號 偏心率 CFRP方向 CFRP層數 ETR 裂紋角度 
NH 無 無 無 無 40 
SHA3103C-原型 單面 45傾斜 3 0.132 31°-35°-49° 
SHA3103C 單面 45傾斜 3 0.132 38° 
SHA6103C 單面 45傾斜 6 0.264 38° 
SHL3103C 單面 0水平 3 0.132 39° 
表二. 有限元分析中的樣品具體規格 
材料類型 厚度(mm) 材料規格 
鋼樑腹板 7.00 E=209.6GPa，v=0.3 
鋼樑翼緣 11.10 E=204.7GPa，v=0.3 
粘著劑 0.10 E=2000MPa，v=0.3 
三層 CFRP 2.76 E1=70.1GPa，E2=2430MPa，
V12=0.32，G12=935MPa 
六層 CFRP 5.394 E1=71.8GPa，E2=2456MPa，
V12=0.32，G12=935MPa 
表三. 模型中鋼樑、粘著劑和 CFRP材料性質 


















裂紋長度 a、半長軸 b和半短軸 c之間
的關係為 
b = a + 𝑅𝑅𝑝𝑝                   (2) 
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SHL3103C 單面 0水平 3 0.132 39° 
表二. 有限元分析中的樣品具體規格 
材料類型 厚度(mm) 材料規格 
鋼樑腹板 7.00 E=209.6GPa，v=0.3 
鋼樑翼緣 11.10 E=204.7GPa，v=0.3 
粘著劑 0.10 E=2000MPa，v=0.3 
三層 CFRP 2.76 E1=70.1GPa，E2=2430MPa，
V12=0.32，G12=935MPa 
六層 CFRP 5.394 E1=71.8GPa，E2=2456MPa，
V12=0.32，G12=935MPa 
表三. 模型中鋼樑、粘著劑和 CFRP材料性質 


















裂紋長度 a、半長軸 b和半短軸 c之間
的關係為 
b = a + 𝑅𝑅𝑝𝑝                   (2) 
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圖十四. SHA3103C 和 SHA3103C-原型
的裂紋為 240mm時的形變位移對比 
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的裂紋為 240mm時的形變位移對比 
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用 EB 條狀或片狀 FRP 加固砌體牆，只有少
數的研究測試了 NSM FRP 加固砌體牆，如
Petersen 等
[1,2]











方向上的 NSM FRP 的貢獻做出估計。 
本研究用數值模擬的方法分析了加固磚




































































































用 EB 條狀或片狀 FRP 加固砌體牆，只有少
數的研究測試了 NSM FRP 加固砌體牆，如
Petersen 等
[1,2]











方向上的 NSM FRP 的貢獻做出估計。 
本研究用數值模擬的方法分析了加固磚










































































(a)現實中 NSM FRP 的連接   (b)有限元模型中 NSM FRP 的連接 
圖 2 NSM FRP 連接的模擬演示











































水平位移大約 7 毫米時, 而加固牆的高峰
負荷發生在較大的水平位移時（大於 10 毫
米），這代表牆的延展性顯著增加。這一結
果表明， NSM FRP 加固技術在增加砌體牆
的延展性方面比增加負荷承載能力有更重
要的意義。 
      
圖 3 荷載-位移曲線比較：未加固和加固砌體牆     圖 4 測試砌體剪力牆的尺寸和載入條件 
 
(a) J6D   (b) JD4FRP    (c) JD6FRP  (d) JD7FRP   (e) JD9FRP 
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10毫米。 因此模型中磚單元的尺寸為240 × 


















































             (a)街區平面圖               (b)整體結構      (c)建築立面圖 （王維仁，2010） 
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（d）現場觀測到的磚塊開裂      （e）混凝土和長石條加固 
圖 7調查福隆圍 22 號牆 
   
(a)         (b) 
圖 8 有限元結果：破壞狀態時（水平位移=50mm）的開裂圖形（變形比例=30,豎向紅線代表 NSM FRP 板加
固）(a) 未加固牆 (b)NSM FRP 加固牆 
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Abstract 
Construction activities account for much of the energy consumption and carbon emissions. 
According to WWF, the construction sector was the second largest contributor of the Hong 
Kong carbon emissions in 2007, and 85% of the carbon emissions from the sector was 
external in nature. The carbon footprint embodied in each building material varies 
considerably under different conditions. This study develops and illustrates a methodology 
framework to calculate embodied carbon footprints of building materials. The framework uses 
a “cradle-to-site” life cycle boundary which includes the processes of raw materials extraction, 
manufacturing and transport until the building material reaches the construction site. Data 
were collected from manufacturers in local and nearby regions. Portland cement and 
ready-mixed concrete were selected as examples in this study to demonstrate the calculation 
steps. The results indicate that for Portland cement, calcination is the largest contributor to the 
total GHG emission over the cement life cycle, followed by coal combustion. For 
ready-mixed concrete, the major contributor is the cement manufacturing. The methodology 
presented in this paper can be modified and extended to other building materials, thereby 
helping lower the carbon footprint of construction activities by providing a benchmark for the 
selection of green materials. 
Keywords: Building materials, Carbon footprint, Cradle-to-site, GHG emission, Portland 
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In recent years, climate change and global warming issues have attracted increasing concern 
around the world. The Intergovernmental Panel on Climate Change (IPCC) states that 
anthropogenic greenhouse gas (GHG) emission is the major cause of global warming 
phenomenon (Pachauri and Reisinger, 2007). In response to demands for sustainable 
development, industry has a responsibility to lower energy consumption and GHG emission 
over the manufacturing life cycle. Within the industrial sector as a whole, construction 
activities account for much of the energy consumption and carbon emissions. According to the 
WWF’s Hong Kong Ecological Footprint Report 2010 (Cornish et al., 2011), in 2007 the 
construction sector contributed the second largest carbon footprint in Hong Kong, of which 85% 
was embodied in imported goods and services. In addition to direct emissions from the 
construction sector, this footprint includes emissions from all upstream material inputs to the 
construction activities.  
This study aims to investigate the methods for calculating embodied carbon footprint of 
building materials. After reviewing various carbon footprint calculation methodologies for 
building materials, a modified methodology framework has been developed with 
consideration of regional factors, with the intention to develop a carbon inventory of the 
building materials commonly used in Hong Kong. The results of this study will help lower the 
carbon footprint of the construction industry in Hong Kong by providing a benchmark for the 
selection of green materials. 
This paper describes our methodology framework and illustrates the steps to be taken in 
life cycle carbon measurement of building materials. Portland cement and ready-mixed 
concrete were selected as examples in this study in order to demonstrate the methodology 
framework, which can serve as a reference for the study of other types of building materials. 
Based on the concept of Life Cycle Assessment (LCA) and with reference to the ISO 14040 
standard, the system boundary of this study is set as “cradle-to-site”, which evaluates the life 
4 
 
cycle environmental impact (i.e. carbon footprint) of building materials from the stages of raw 
materials extraction, product manufacture, and transport (ISO, 2006; Hammond and Jones, 
2008).  
 
2. Methodology Framework 
The framework of this study is shown in Figure 1. To develop a region-specific inventory, the 
manufacturing processes for cement and concrete in local and nearby areas were studied, the 
GHG emission sources over the specified life cycle were identified, and the standard GHG 
emission calculation guidelines were reviewed. Based on the information obtained from the 
background study above, detailed system boundaries describing the manufacturing processes 
from “cradle-to-site” were determined for cement and concrete, respectively. Questionnaires 
specific to local and nearby manufacturers were then designed and distributed, with the aim to 
collect first-hand data. This data collection stage was the key to the whole study because the 
availability, quality and completeness of the data could influence the accuracy and reliability 
of the final results. In the data collection work, iterative review and revision of the 
questionnaires can be conducted in response to the feedbacks from industry. GHG emissions 
of the building materials were then calculated with reference to the relevant guidelines and 
standards. Finally, the results were analyzed, compared, and reported, which summarized the 
whole study.  
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Figure 1. The methodology framework of this study 
 
3. System Boundary 
This section presents the “cradle-to-site” life cycle system boundaries for Portland cement and 
ready-mixed concrete in this study. As shown in Figure 2, the “cradle” of the system boundary 
for Portland cement refers to the extraction and quarrying of the four raw materials – 
limestone, clay, sand, and iron ore (Duggal, 1998). The raw materials are transported to 
manufacturing plants and then separately ground to fine powder and mixed. Calcination, a 
combustion process that consumes fuel is then performed. Due to the chemical reaction of the 
carbonates at a high temperature of 1400 oC to 1500 oC, CO2 is directly emitted during 
calcination and clinker is produced (Duggal, 1998). During the production of clinker, 
limestone, which is mainly calcium carbonate (CaCO3), is heated, or calcined, producing lime 
6 
 
and CO2 (Eggleston et al., 2006). The chemical equation is given in Eq. 1.  
CaCO3 + heat → CaO + CO2                          (1) 
In some factories, self-manufactured clinker cannot satisfy the demand for cement production, 
so clinker may be imported from other manufacturers. The GHG emissions from the 
production and transport of imported clinker are included in our system boundary for cement. 
After clinker preparation, gypsum is added for strengthening the performance of cement. Then 
the final grinding process produces the cement product. The last phase in the system boundary 
is the transport of the cement products. As shown in Figure 2, electricity and coal are the 
energy inputs during the cement manufacture process and account for GHG emissions.  
 
Figure 2. System boundary of Portland cement 
All direct and indirect GHG emissions associated with each phase shown in Figure 2 are 
covered in this study. They are (1) the GHG emissions generated from each upstream material 
extraction process and production, (2) the GHG emissions from the transport of upstream 
materials, fuels, imported clinker and products, and (3) the GHG emissions during the cement 
manufacture process at factory (i.e. calcination, fuel combustion, electricity consumption, and 
imported clinker). However, the emission from the gypsum production is excluded since 
gypsum is a by-product of the desulfurization process in power plants. 
Figure 3 shows the “cradle-to-site” life cycle system boundary of ready-mixed concrete. 
The raw materials include admixture, aggregates, cement, fly ash, and water (Richard, 2004). 
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After being transported to concrete batching plants, the raw materials are conveyed and 
loaded into silos for storage in the plants. The raw materials are then weighed in specific 
ratios for mixing. After mixing, the fresh ready-mixed concrete is transferred to construction 
sites using mixing trucks. Electricity is the energy input during the batching process. 
 
Figure 3. System boundary of ready-mixed concrete 
The GHG emissions for concrete were calculated using the methods similar to those used 
for Portland cement. However, the “cradle” of the system boundary for concrete does not 
cover the extraction and production of admixture and water, because the admixture production 
and water use have an insignificant impact on the total GHG emission, according to Flower 
and Sanjayan (2007). 
 
4. Questionnaire Design and Data Collection 
Based on the information obtained from the background study and the literature review, a set 
of bilingual questionnaires (in English and Traditional Chinese) for cement and ready-mixed 
concrete manufacturers were developed. Following the system boundaries as described above, 
the main body of the questionnaires covers three major parts – (1) raw materials extraction 
and production, (2) consumption of fuels and electricity, and (3) transport of upstream 
materials, fuels and products. 
8 
 
To collect first-hand information about the locally used cement and concrete products, 
bilingual questionnaires were distributed to the manufacturers in Hong Kong and nearby 
regions that supply cement and concrete products to the Hong Kong market. For illustrative 
purposes, this paper shows the examples from one of the cement manufacturers and one of the 
ready-mixed concrete manufacturers. As requested, the manufacturers’ names and the 
information sources are kept anonymous due to confidentiality. Some information and 
numbers are also hidden or slightly modified due to confidentiality. The modified raw 
material quantities, production data, and transport information for the cement and concrete 
illustrative examples are summarized in Table 1 and Table 2. 
As shown in Table 1 and Table 2, compared to the concrete production example, the 
cement production example involves more materials imported from overseas regions such as 
Japan and Vietnam, resulting in longer transport distances. However, the concrete production 
example involves more types of transport means. Both transport distances and transport 
means types are considered in the GHG emission calculation.  
Table 1. Basic information of the cement manufacturing factory example illustrated in 
this study (raw materials, fuel and electricity consumption, production, and transport) 
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Energy Quantity  Source location Transport type 
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Electricity 
87 (kWh / t clinker) NA Local grid 
135 (kWh / t cement) NA Local grid 
Product Quantity (t/yr) Distance Transport type 
Clinker 1,300,000 NA NA 
Cement 1,500,000 
100 km Barge 
100 km Truck 
論文集
625















After being transported to concrete batching plants, the raw materials are conveyed and 
loaded into silos for storage in the plants. The raw materials are then weighed in specific 
ratios for mixing. After mixing, the fresh ready-mixed concrete is transferred to construction 
sites using mixing trucks. Electricity is the energy input during the batching process. 
 
Figure 3. System boundary of ready-mixed concrete 
The GHG emissions for concrete were calculated using the methods similar to those used 
for Portland cement. However, the “cradle” of the system boundary for concrete does not 
cover the extraction and production of admixture and water, because the admixture production 
and water use have an insignificant impact on the total GHG emission, according to Flower 
and Sanjayan (2007). 
 
4. Questionnaire Design and Data Collection 
Based on the information obtained from the background study and the literature review, a set 
of bilingual questionnaires (in English and Traditional Chinese) for cement and ready-mixed 
concrete manufacturers were developed. Following the system boundaries as described above, 
the main body of the questionnaires covers three major parts – (1) raw materials extraction 
and production, (2) consumption of fuels and electricity, and (3) transport of upstream 
materials, fuels and products. 
8 
 
To collect first-hand information about the locally used cement and concrete products, 
bilingual questionnaires were distributed to the manufacturers in Hong Kong and nearby 
regions that supply cement and concrete products to the Hong Kong market. For illustrative 
purposes, this paper shows the examples from one of the cement manufacturers and one of the 
ready-mixed concrete manufacturers. As requested, the manufacturers’ names and the 
information sources are kept anonymous due to confidentiality. Some information and 
numbers are also hidden or slightly modified due to confidentiality. The modified raw 
material quantities, production data, and transport information for the cement and concrete 
illustrative examples are summarized in Table 1 and Table 2. 
As shown in Table 1 and Table 2, compared to the concrete production example, the 
cement production example involves more materials imported from overseas regions such as 
Japan and Vietnam, resulting in longer transport distances. However, the concrete production 
example involves more types of transport means. Both transport distances and transport 
means types are considered in the GHG emission calculation.  
Table 1. Basic information of the cement manufacturing factory example illustrated in 
this study (raw materials, fuel and electricity consumption, production, and transport) 
Material Quantity (t/yr) Source location Transport type 
Limestone 
416,000 Guangdong, China Ship (inland water) 
624,000 South Japan Ship (international marine) 
Sand 130,000 Guangdong, China Ship (inland water) 
Clay 104,000 Guangdong, China Ship (inland water) 
Iron ore 26,000 South Japan Ship (international marine) 
Imported clinker 100,000 Vietnam Ship (international marine) 
Energy Quantity  Source location Transport type 
Coal 237,900 (t/yr) Indonesia Ship (international marine) 
Electricity 
87 (kWh / t clinker) NA Local grid 
135 (kWh / t cement) NA Local grid 
Product Quantity (t/yr) Distance Transport type 
Clinker 1,300,000 NA NA 
Cement 1,500,000 
100 km Barge 
100 km Truck 
論文集
626
2  0  1  4  亞   太   城   市   建   設   實   務   論   壇 
9 
 
Table 2. Basic information for the ready-mixed concrete batching plant illustrated in 
this study (raw materials, production and transport) 
Raw material Quantity (t/yr) Source location Transport type 
Cement 530,000 Hong Kong/China Cement tanker  
Aggregate 2500,000 Hong Kong/China Truck/Conveyor/Barge 
Fly ash 99,000 Hong Kong Tanker/Barge 
Admixture 6,486 Hong Kong Truck 
Product Quantity (m3/yr) Diesel oil (L/yr) Transport type 
Ready-mixed concrete 1,300,000 300000 Truck 
 
5. Calculation of CO2-e for Portland Cement 
The results of our GHG emission calculation are expressed in terms of carbon dioxide 
equivalent (CO2-e), which refers to the global warming potential (GWP) with respect to one 
unit of carbon dioxide. Expressing all GHG emissions in terms of CO2-e allows the different 
greenhouse gases to be grouped together (British Columbia Ministry of Environment, 2013). 
Usually, the six greenhouse gases identified in Kyoto Protocol are considered when 
measuring GHG emissions in terms of CO2-e. They are carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), hydro-fluorocarbons (HFCs), per-fluorocarbons (PFCs), and sulfur 
hexafluoride (SF6). In this study, the three major ones (CO2, CH4 and N2O) among the six 
were considered in calculation. The CO2-e for a gas is derived by multiplying the weight of 
the gas by the corresponding GWP value, as expressed in Eq. 2 (USEPA, 2012).  
kg CO2-e = (kg of a gas) * (GWP of the gas)               (2) 
IPCC has updated the GWP values for various greenhouse gases in 2007 and released the 
latest GWP values over a 100-year period in the IPCC Fourth Assessment Report: Climate 
Change 2007 (Foster et al., 2007). This study uses the latest GWP values released by IPCC in 
2007, as summarized in Table 3. According to 2006 IPCC Guidelines for National Greenhouse 
Gas Inventories, biogenic CO2 emission is excluded for reporting in the Energy sector due to 
its neutral impact on the greenhouse effect (Eggleston et al., 2006). However, according to the 
IPCC Fourth Assessment Report in 2007, biogenic CH4 emission should be taken into account 
10 
 
as sequestration of CO2 with a GWP value of 22.5 (Frischknecht, 2012), as shown in Table 3. 
Table 3. The GWP values of CO2, CH4 and N2O 
Gas type GWP  
Carbon dioxide (CO2) 1 
Methane from fossil source (CH4 fossil) 25 
Methane from biogenic source (CH4 bio) 22.5 
Nitrous oxide (N2O) 298 
The GHG emission calculation for Portland cement over its “cradle-to-site” life cycle 
consists of three parts: (1) extraction and production of upstream materials (raw materials and 
fuel), (2) cement manufacture at factory, and (3) transport of upstream materials and products.  
(1) Upstream materials: For each upstream material, the emission factors in terms of 
different greenhouse gases are summarized in Table 4. To ensure that the results were 
region-specific, local data were selected as much as possible. For some data which could not 
be obtained from local sources, average values based on a global range from widely 
recognized inventories were adopted. The emission factors in terms of CO2-e per kg of 
upstream material were calculated based on the GWP values shown in Table 3. As shown in 
the last column of Table 4, the CO2-e value of coal is almost four times the CO2 value, 
indicating the significant impact of CH4 emission during coal mining. 





kg CH4 fossil/ 
kg material 







4.83 × 10-3 1.71 × 10-5 5.59 × 10-9 6.78 × 10-7 5.45 × 10-3 a 
NA NA NA NA 4.11 × 10-3 b 
Sand 2.29 × 10-3 2.66 × 10-6 5.84 × 10-8 0 2.36 × 10-3 c 
Clay 2.84 × 10-3 1.87 × 10-6 5.21 × 10-9 0 2.89 × 10-3 d 
Iron ore 4.29 × 10-3 4.06 × 10-6 4.74 × 10-8 0 4.39 × 10-3 e 
Coal 2.56 × 10-2 3.06 × 10-3 4.68 × 10-7 0 1.02 × 10-1 f 
aCLCD China, 2009; bJEMAI Japan, 2011; cEcoinvent Swiss, 2010; dEcoinvent Swiss, 2003; eEcoinvent Global, 
2007; fEcoinvent Central Planned Asia and China, 2010. 
(2) Cement manufacture: As presented in Figure 2, GHG emissions are mainly from 
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the chemical reaction in calcination and the associated energy inputs (coal combustion and 
electricity consumption). Table 5 shows the emission factors for each process of clinker and 
cement production. For calcination, the value was obtained based on the first-hand data 
provided by the factory with reference to the IPCC Guideline (Eggleston et al., 2006) and the 
Cement Sustainability Initiative (CSI) standard (CSI, 2012). According to the factory, the 
consumption of coal is 3.6 × 10-3 GJ/kg clinker. Emission factors for coal combustion were 
obtained from the Energy sector of the IPCC Guideline (Eggleston et al., 2006). Electricity 
consumption for clinker and cement are 87 kWh/tonne clinker and 135 kWh/tonne cement, 
respectively. The CO2-e emission factor for electricity consumption refers to the local power 
plant which supplies power to the surveyed cement factory. In cement production, GHG 
emissions from imported clinker should be considered. According to the CSI Standard, the 
embodied carbon of imported clinker is 0.865 kg CO2-e/kg imported clinker (CSI, 2012). 
Referring to the annual coal consumption amount and annual production quantities shown in 
Table 1, the GHG emissions during the cement manufacture process were calculated as 0.950 
kg CO2-e per kg of clinker produced and 0.917 kg CO2-e per kg of cement produced. 
Table 5. Emission factors for the Portland cement manufacture 
Clinker  kg CO2/unit kg CH4/unit kg N2O/unit kg CO2-e /unit 
Calcination 0.551 0 0 0.551 kg/kg clinker 
Coal  96 kg/GJ 0.01 kg/GJ 0.0015 kg/GJ 96.70 kg/GJ  
Electricity  NA NA NA 0.59 kg/kWh 
    CO2-e/kg clinker 0.950 
Cement  kg CO2/unit kg CH4/unit kg N2O/unit kg CO2-e /unit 
Calcination 0.478 0 0 0.478 kg/kg cement 
Coal  96 kg/GJ 0.01 kg/GJ 0.0015 kg/GJ 96.70 kg/GJ  
Electricity  NA NA NA 0.59 kg/kWh  




CO2-e/kg cement 0.917 
 (3) Transport of upstream materials and products: As shown in Table 1, inland 
12 
 
water shipping and international marine shipping are the two major transport types for raw 
materials in the illustrative example. The inland water shipping distance from Guangdong 
Province of mainland China to the factory was estimated, and the international marine 
shipping distances from Southern Japan, Vietnam, and Indonesia to the factory were extracted 
from a Japanese database which provides the travel distances among major ports in the world 
(JEMAI, 2012). The emission factor for inland water shipping in China was obtained from a 
Chinese LCI database (CLCD, 2010), while the emission factor for international marine 
shipping was obtained from World Resources Institute (WRI) (WRI, 2011). After unit 
conversion, Table 6 presents the transport emission factors in SI units.  
The factory delivers cement products by barge and by truck with an estimated travel 
distance of 100 km. The emission factors of barge delivery were obtained from WRI (WRI, 
2011). The emission factors of diesel oil truck delivery were obtained from the Hong Kong 
Environmental Protection Department (HKEPD) (HKEPD, 2010) and the Electrical and 
Mechanical Services Department (EMSD) (EMSD, 2012). 
Table 6. Emission factors for the transport of upstream materials and cement products  
Materials Distance (km) kg CO2/t.km kg CH4/t.km kg N2O/t.km kg CO2-e/t.km 
Limstone 
250  1.25 × 10-2 5.97 × 10-5  6.16 × 10-7 1.42 × 10-2 b 
3202 a 3.29 × 10-2 2.81 × 10-6 9.60 × 10-7 3.33 × 10-2 c 
Sand 250  1.25 × 10-2  5.97 × 10-5  6.16 × 10-7 1.42 × 10-2 b 
Clay 250  1.25 × 10-2 5.97 × 10-5  6.16 × 10-7 1.42 × 10-2 b 
Iron ore 3202 a 3.29 × 10-2 2.81 × 10-6 9.60 × 10-7 3.33 × 10-2 c 
Imported 
clinker 
1764 a 3.29 × 10-2 2.81 × 10-6 9.60 × 10-7 3.33 × 10-2 c 
Coal  3555 a 3.29 × 10-2 2.81 × 10-6 9.60 × 10-7 3.33 × 10-2 c 
Product  Distance (km) kg CO2/t.km kg CH4/t.km kg N2O/t.km kg CO2-e/t.km 
Cement 





1.45 × 10-4 
kg CH4/L 




aJEMAI Japan, 2012; bCLCD, 2010; cWRI, 2011; dHKEPD, 2010. 
Table 7. Results comparison of CO2-e for each part of Portland cement life cycle 
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After determination of the emission factors for each part, the CO2-e calculation per unit 
of clinker and cement could be calculated. By multiplying the quantities shown in Table 1 by 
the CO2-e emission factors for each material or each process, the total CO2-e emissions were 
calculated. The per unit GHG emissions were then calculated by dividing the total CO2-e 
emissions by the clinker production quantity and the cement production quantity. Table 7 and 
Figure 4 present the final results and percentage distribution of each part, which clearly 
indicate that the cement manufacture part accounts for most of the GHG emissions over the 
“cradle-to-site” life cycle of Portland cement. The bar chart in Figure 4 shows that in the 
(1) Upstream material kg CO2-e/kg clinker kg CO2-e/kg cement 
Limestone 3.718 × 10-3 3.222 × 10-3 
Sand 2.358 × 10-4 2.043 × 10-4 
Clay 2.309 × 10-4 2.002 × 10-4 
Iron ore 8.785 × 10-5 7.614 × 10-5 
Coal 1.868 × 10-2 1.619 × 10-2 
Total CO2-e in part (1) 2.295 × 10-2 1.989 × 10-2 
(2) Cement manufacture kg CO2-e/kg clinker kg CO2-e/kg cement 
Calcination 0.551 0.478 
Coal combustion 0.348 0.302 
Electricity consumption 0.051 0.080 
Imported clinker NA 0.058 
Total CO2-e in part (2) 0.950 0.917 
(3) Transport kg CO2-e/kg clinker kg CO2-e/kg cement 
Limestone 5.225 × 10-2 4.528 × 10-2 
Sand 3.544 × 10-4 3.071 × 10-4 
Clay 2.835 × 10-4 2.457 × 10-4 
Iron ore 2.130 × 10-3 1.846 × 10-3 
Imported clinker 4.474 × 10-3 3.877 × 10-3 
Coal 2.163 × 10-2 1.875 × 10-2 
Cement  3.770 × 10-3 3.267 × 10-3 
Total CO2-e in part (3) 8.489 × 10-2 7.357 × 10-2 
Overall total CO2-e emission 1.058 1.010 
14 
 
cement manufacture part, calcination is the largest contributor, followed by coal combustion. 
 
Figure 4. GHG emission distribution of each part for Portland cement (kg CO2-e/kg cement) 
6. Calculation of CO2-e for Ready-Mixed Concrete 
Similar to the study and calculation for Portland cement, this section presents the calculation 
of GHG emissions in terms of CO2-e for ready-mixed concrete. The calculation consists of 
three parts: (1) extraction and production of upstream materials, (2) concrete batching at 
plants, and (3) transport of upstream materials and products. 
(1) Upstream materials: As discussed above in Section 3, only three types of raw 
materials for ready-mixed concrete are included in the system boundary in this study. 
Emission factor for cement manufacture (0.917 kg CO2-e/kg cement) referred to the previous 
calculation for Portland cement, as shown in Table 7. Emission factor of aggregate (3.07 × 
10-3 kg CO2-e/kg aggregate) was extracted from a report provided by the surveyed concrete 
batching plants. As for fly ash, since no local data was available, the emission factor (4.00 × 
10-3 kg CO2-e/kg fly ash) was obtained from a report published by Mineral Products 
Association in 2011 (Mineral Products Association, 2011).  
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Emission factor for cement manufacture (0.917 kg CO2-e/kg cement) referred to the previous 
calculation for Portland cement, as shown in Table 7. Emission factor of aggregate (3.07 × 
10-3 kg CO2-e/kg aggregate) was extracted from a report provided by the surveyed concrete 
batching plants. As for fly ash, since no local data was available, the emission factor (4.00 × 
10-3 kg CO2-e/kg fly ash) was obtained from a report published by Mineral Products 
Association in 2011 (Mineral Products Association, 2011).  
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energy input and is relatively simple compared to the cement manufacture process. According 
to the surveyed plants, electricity at the plants is provided by two suppliers. One supplier 
accounts for 98% of the electricity supply with a total annual consumption of 3,300,000 kWh, 
whereas the other supplier accounts for the remaining 2%. The emission factors of the first 
and the second electricity suppliers are 0.59 kg CO2-e/kWh and 0.81 kg CO2-e/kWh, 
respectively.  
(3) Transport: Raw materials are transported to the concrete batching plants using road 
transport (trucks and tankers). The emission factor of concrete product road transport is the 
same as that of cement product road transport (HKEPD, 2010; EMSD, 2012), as shown in 
Table 6. Cement and fly ash are transported to the plants close to the raw material suppliers by 
pipeline and transported to other plants by truck. The emission factor of pipeline transport is 
0.005 kg CO2-e/t.km, as suggested by McKinnon and Piecyk (2010). Aggregates are 
transported by conveyor for the batching plants near the quarry site. In this case, GHG 
emissions due to conveyor transport are included in the electricity consumption. Barge 
delivery is needed when the supplier or batching plant is located on an island. The emission 
factor of barge delivery is 0.033 kg CO2-e/t.km. 
Applying the emission factors determined in the above three parts, the total GHG 
emission was calculated. To obtain the CO2-e value per unit weight of concrete, the density of 
the ready-mixed concrete was assumed as 2400 kg/m3 concrete (Richard, 2004). Table 8 
summarizes the final calculation results for each part in terms of kg CO2-e/m3 concrete and kg 
CO2-e/kg concrete. As indicated in Table 8, the part of upstream material extraction and 
processing contributes the majority of the total GHG emission, because cement as raw 




Table 8. Results comparison of CO2-e for each part of ready-mixed concrete life cycle 
(1)Upstream material kg CO2-e/m3 concrete kg CO2-e/kg concrete 
Cement 373.86 0.1558 
Aggregate 5.90 0.0025 
Fly ash 0.30 0.0001 
Total CO2-e in part (1) 380.06 0.1584 
(2) Concrete batching kg CO2-e/m3 concrete kg CO2-e/kg concrete  
Electricity supplier 1 1.47 6.1156 × 10-4 a 
Electricity supplier 2 0.04 1.7135 × 10-5 a 
Total CO2-e in part (2) 1.51 0.0006 
(3) Transport kg CO2-e/m3 concrete kg CO2-e/kg concrete 
Raw materials transport 1.42 0.0006 
Products transport 0.61 0.0002 
Total CO2-e in part (3) 2.03 0.0008 
Total CO2-e emission 383.60 0.1598 
a Figures may not add up to total due to rounding off. 
The results of this study were compared with the values provided by Inventory of Carbon & 
Energy (ICE), a widely used UK-based carbon inventory database of building materials 
developed by University of Bath (Hammond and Jones, 2008). The system boundary of ICE is 
“cradle-to-gate”. In other words, our “cradle-to-site” system boundary in this study has a 
broader coverage than ICE and includes the GHG emissions from transport of products which 
ICE excludes. In order to make a fair comparison, the results of this study were converted to 
“cradle-to-gate” values by deducting the emissions of product transport from the previous 
“cradle-to-site” calculation. Table 9 shows the details of the comparison. The ICE value for 
cement was selected from the type “CEM I Portland cement” in ICE, which is the type of 
cement studied in this paper. For concrete, the average cement content of the concrete studied 
in this paper is 407.7 kg/m3 concrete, calculated based on the annual cement consumption 
quantity and annual concrete production volume. Therefore, the ICE value for concrete was 
selected from the specific type of concrete in ICE that contains 400 kg cement in one cubic 
meter of concrete (“400 kg CEM I/m3 concrete”). As shown in Table 9, the result for cement 
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presented in this study is larger than the ICE value. In addition, the result for concrete 
presented in this study is smaller than the ICE value, probably because the concrete plants 
surveyed in this study add fly ash as cement replacement in the batching process, reducing the 
amount of cement necessary for each unit volume of concrete. However, the concrete type 
“400 kg CEM I/m3 concrete” in ICE does not include the addition of fly ash.  
Table 9. Results comparison of CO2-e between ICE and this study  
Database kg CO2-e/kg cement kg CO2 –e/m3 concrete System boundary 
ICE 0.950 0.1810 Cradle-to-gate 
This study 1.007 0.1596 Cradle-to-gate 
This study 1.010 0.1598 Cradle-to-site 
7. Conclusion and Future Work 
This paper presents and illustrates the methodology framework developed for measuring the 
life cycle carbon emissions of locally used building materials in Hong Kong. A “cradle-to-site” 
life cycle system boundary was used in this study. To illustrate the steps of GHG emission 
calculation, Portland cement and ready-mixed concrete were selected as examples in this 
paper. The results show that calcination and coal combustion are the major sources of GHG 
emissions for cement over its “cradle-to-site” life cycle, whereas the high embodied carbon 
emission in cement manufacture is the largest contributor to GHG emission for ready-mixed 
concrete over its “cradle-to-site” life cycle The results were then compared with the values 
provided in the ICE database developed by University of Bath. 
 As the values of embodied carbon are region-specific, this study aims to collect 
first-hand data in Hong Kong and nearby regions, wherever possible, for accuracy and 
reliability of the final results. However, when the information from the manufacturers was 
limited, the second-hand information from existing databases or literature would be used. In 
addition, some assumptions were made for the manufacturing and transport calculation due to 
the limited information. The methodology framework presented in this paper can be applied to 
18 
 
building materials other than cement and concrete. In the near future, the scope of this study 
will be extended to more building materials and a building materials carbon inventory 
database will be developed for the Hong Kong market. Such a database could help build a low 
carbon built environment in Hong Kong by providing a benchmark for selection of green 
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     圖片 4. 主塔立面 
 
 

























































     圖片 9. 非綫性有限元分析 
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主或發展商在節能減排方面提供最佳方案。   
關鍵字：二氧化碳   碳排放  建築物環境評




























（Braungart and McDonough, 2007）。 
論文集
644

























的信息（Levine et al., 2007）。 
首個綠色建築評審標準和認證體系由一家英








Blue Angel 和 Green Dot，西班牙的 AENOR 
Medio Ambiente 和新加坡的 Energy Smart 
Labelling System。 這些認證體系在排查
建築物及其各組成部份的能耗表現方面是非

















（Levine et al., 2007）。比如，歐盟的






比如 Hourly Analysis Program 和 PowerDOE， 
這些在建築物能耗分析方面都能提供類似的














限 了 環 評 在 設 計 指 引 方 面 的 作 用


































種方法（Vigon et al., 1993; EEA, 2002; 
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省 74 ％ 的 能 源 （ Steel Recycling 
Institute, 2006）。而重熔廢鋁料所需的
能源只有從原始礦石中獲得鋁金屬所需能源
的 5％（Millbank, 2004）。 
Liu（2009）開發了一個用於追蹤鋼構建築
物生命週期的模型，稱為“資源環”。在結
合 cradle-to-grave 模型以及 cradle-to-





















































戰包括 4 個方面（ El Haggar, 2007; 
Proveniers et al., 2009）： 
 概念的挑戰 - 包括對生命週期碳排放的
分析概念缺乏經驗，缺乏生命週期碳減排
的設計和建築材料，以及相關的風險。 
 經濟的挑戰 - 由於傳統思維只關注初始
投資，並不願意投入更多資源於建築階段。 















都是不確定的值（Hermreck and Chong, 
2009）。 
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ABSTRACT:   
 
This paper will present a trail that 
demonstrates the process of the plan-
ning, design and construction of the 
foundation and basement in a very 
difficult ground with cavernous karst 
in Tin Shui Wai, Hong Kong SAR with 
thorough considerations of technical 
issues and alternative solutions. In 
this project, an appraisal was car-
ried out to determine the effect of 
geological constraints on the founda-
tion design and to assess the suita-
bility of different types of founda-
tion systems for the project with a 
basement of 7m depth.  
 
1.  序言 
 
天水圍區位於香港西北角， 此項目(圖 















圖 1.  建築設計草圖 
 
 
圖 2. 竣工後的建築物外觀 
 
 
圖 3. 建築物的截面 
 























之間。此項目工地地面下 10m 至 25m 為填
土和沖積土，沖積土下為變質的花崗岩
石。工地內有三條斷層線橫跨（圖 6），











(Fletcher et al 2004, Lee and Ng 2004, 
Wightman and Lai 2006)。 
 
圖 4. 天水圍區地質截面 
(資料來源: Frost 1989) 
 
 
圖 5.1. 天水圍區地質平面圖 
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彈性縱波波速差異(Wai 1991, Meigh 1991, 






圖 8. 震源 

























圖 10. 部份地基佈局圖 
 
 
圖 11. 振動應變計 
 
3.  施工 
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圖 13.1. 樁孔灌注施工方法一 
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The Hongkong Electric Co., Ltd. (HEC) has 
been adopting environmentally-friendly 
building design and green features to its 
premises.  This paper aims to introduce the 
green features of newly built Lamma Power 
Station Extension (LMX) Maintenance Building 
and Lamma (LMA) East Store Building and 
share experience in green building 
development and how these initiatives add 
value to the company. 
 
LMX Maintenance Building obtains provisional 
Platinum rating under BEAM Plus standard, 
while LMA East Store Building is awarded 
BEAM 4/04 Platinum Certification.  
Application of renewable energy by installation 
of PV panels is estimated to contribute to 
43.5% and 78% of their annual energy 
consumption respectively.  Another example is 
the application of “DIG Solar Wireless 
Irrigation System” at LMA East Store Building, 
which helps save annual water consumption by 
more than 35% as compared with the 
traditional irrigation method.  Along with other 
environmentally-friendly features, the buildings 
help reduce resources consumption and 




Green building is the practice that uses 
environmentally responsible processes 
throughout the life cycle of a building, from 
siting, design, construction and then operation, 
maintenance, renovation and demolition.  The 
objectives are to minimise impacts to the 
natural environment and human health.  
Generally, these are met by using resources 
efficiently, reducing waste and pollution to the 
environment, and adopting measures to protect 
the health of the building users. 
 
Established in 1889, The Hongkong Electric 
Co., Ltd. (HEC) generates and supplies 
electricity for over half a million of commercial 
and domestic customers in Hong Kong.  As one 
of the major public utilities in Hong Kong, 
HEC realises it is influential in the way of life 
of Hong Kong citizens.  Over the years, HEC 
takes environmentally-friendly initiatives in 
multiple aspects.  For instance, its Lamma 
Winds and various education programmes are 
well-known in the community.  Besides these 
well-established environmentally-responsible 
activities, HEC also applies green initiatives in 
the daily operations.  Its newest operation 
buildings – LMX Maintenance Building and 
LMA East Store Building – adopt sustainable 
concepts in their life-cycle, which in the end 
can reduce their impacts to the environment in 
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2. Initiatives Taken by HEC 
 
Dated back to 2008, HEC constructed its Marsh 
Road Station Building with the concept of 
promoting sustainable development.  Ash 
produced from coal burning at our Lamma 
Power Station was used as construction 
materials for the building.  In addition, the 
building features a number of green elements 
including a rooftop garden to lower indoor 
temperatures of the building, thereby reducing 
the demand for air ventilation.  One micro wind 
turbine of 2.5kW capacity and 30 solar 
photovoltaic panels totaling 6.15kWp were also 
installed to generate green electricity for the 
premises.  To conserve water resources, a water 
collection tank was built to collect rain water 
for plants irrigation in the garden. 
 
Besides, noise abatement measures were taken 
to reduce nuisance to the nearby community.  
Acoustic lining for transformer, and silencer 
for ventilation fans and generator were 
employed. 
 
2.1 LMX Maintenance Building 
 
LMX Maintenance Building is the newest 
building developed by HEC at its Lamma 
Power Station.  It obtains Platinum rating under 
Provisional Assessment of BEAM Plus 
Assessment for New Buildings.  BEAM 
(Building Environmental Assessment Method), 
launched in 1996, is a voluntary green building 
assessment scheme in Hong Kong.  It measures, 
improves and certifies the building of its 
environmental sustainability across its life-
cycle, in terms of site, materials, energy use, 
water use, indoor environment quality and 
innovations.  BEAM Plus is the most updated 
standard of BEAM for assessing environmental 
performance of new and existing buildings.  
The assessed buildings are labelled as Platinum, 
Gold, Silver, Bronze or Unclassified 
accordingly. 
 
Since siting and design of the building, 
environmental considerations are taken care of 
in development of LMX Maintenance Building.  
Site planning and building designs of the LMX 
Maintenance Building have taken visual 
impacts and other environmental aspects into 
account for integration with the immediate site 
surroundings and neighbourhood according to 
the Urban Design Guidelines in the Hong Kong 
Planning Standards and Guidelines.   
 
About 65% of hard landscaped areas are paved 
with eco paving materials.  As water is allowed 
to filtrate into the ground, the surface and 
surrounding area temperatures of LMX 
Maintenance Building will be cooler than a 
hard impervious surface.  Also, pervious 
pavement absorbs less heat from solar radiation 
as the relatively open pore structure stores less 
heat, therefore, reducing the heat reflected back 
into the environment and helping to lower heat 
island effects.  High emissivity roofing material 
is used such that remaining heat absorbed from 
the sun can be released and roof temperature of 
LMX Maintenance Building can be reduced.  
All exterior surfacing works including paths 
and surfaces will adopt environmentally 
friendly pave and permeable which contain 
high recycled content.  Approximately 70% of 
outside surface works and structures are made 
from recycled materials.  FSC (Forest 
Stewardship Council) certified timber or reused 
3 
 
wood is used for temporary work during 
construction.  No ozone-depleting 
chlorofluorocarbon (CFC)-based refrigerants 
are used which is destructive to the 
environment.   
 
The design of the LMX Maintenance Building 
also takes into account of environmental 
considerations.  Spatial flexibility is provided 
in the premises for different uses and allows for 
expansion to permit additional spatial 
requirements to be accommodated.  Flexible 
design of services that can adapt to changes of 
layout and use is available.  Building design 
also provides flexibility through the choice of 
building structural system that allows for 
change in future use, and which is coordinated 
with interior planning modules. 
 
Appropriate monitoring and auditing has been 
implemented during its construction stage.  
Mitigation measures for dust and air emissions, 
noise and water pollution during the 
construction were taken.  Obtrusive light from 
exterior lighting meets the specified 
performance.  Waste management plan was 
implemented and waste recycling has been 
taken place.   
 
On energy aspect, PV panels are installed at 
LMX Maintenance Building and power 
generated from which achieves about 44% of 
total building energy consumption.  
Instruments are installed to monitor the 
electricity consumptions.  Motion sensors are 
installed to control artificial lighting and hence 
achieve energy saving. 
 
Regarding water use, harvesting of rainwater is 
estimated to contribute to about 20% of annual 
water saving.  Overall, it is estimated that about 
41% of annual water saving and 26% of flush 
water saving is achieved. 
 
To maintain satisfactory indoor environment, 
adoption of sun light is integrated in building 
design.  Suitable daylight glare will be 
maintained with the assistance of venetian 
blind.  Ventilation system is installed at the 
areas with significant indoor pollution sources 
generated. 
 
2.2 LMA East Store Building 
LMA East Store Building is another BEAM 
certified building of HEC.  It obtained BEAM 
4/04 Platinum Certification in 2012.  By 
implementation of environment management 
during its construction phase, incorporating 
green features in building design, and adoption 
of energy and water saving measures, impacts 
to the environment are reduced. 
 
Environment management was implemented 
during construction stage of LMA East Store 
Building.  Mitigation measures were 
implemented to reduce air, noise and water 
pollution during construction.  Wastes 
generated during its construction stage were 
reduced by reuse and recycling of materials.  
More than 97% by weight of construction 
waste are recycled.  All unitised transportable 
metal hoardings left after the construction are 
reused for other construction projects in 
Lamma Power Station.  Moreover, surplus 
excavated soil after foundation completion is 
used for ground filling purpose within Lamma 
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Power Station without dumping to public 
Landfills. 
 
In respect of material used, paving surrounding 
the LMA East Store Building was paved with 
recycled aggregate paving blocks.  These 
paving blocks were made of not less than 50% 
recycled aggregates to replace virgin 
aggregates. 
 
Renewable energy is harnessed to provide 
electricity for this building.  About 78% of the 
annual energy consumption of the building is 
provided by a grid-connected solar PV power 
system with total installed capacity of 173.8kW 
on the rooftop.  The system comprises 1,224 
pieces tandem junction thin film photovoltaic 




Fig. 1a TFPV Solar Panels on the roof of LMA 
East Store Building (top view) 
 
 
Fig. 2b TFPV Solar Panels on the roof of LMA 
East Store Building (side view) 
 
The use of natural lighting is maximised in the 
daytime by a thin strip of skylight added at 
regular intervals corresponding to the aisle 
location of each store.  For artificial lighting, 
the following energy-efficient devices are 
installed to achieve energy saving: 
1) Energy-efficient highbay floodlights with 
induction lamp are provided for high 
headroom stores. 
2) T5 fluorescent luminaries are provided for 
the building services equipment rooms and 
Store Control Room.   
3) All lighting system is controlled by 
individual motion sensors located in the 
respective room.   
4) Perimeter lightings with SON lamps are 
provided around the building perimeter and 
are controlled by photocell.   
Therefore, electricity consumption for lighting 
is largely reduced.  About 54% energy saving 
in lighting energy consumption is achieved as 
compared with the BEAM baseline option.   
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Water consumption of the LMA East Store 
Building is reduced by the application of “DIG 
Solar Wireless Irrigation System”.  It is a 
wireless irrigation control system powered by 
photovoltaic technology and ambient light 
energy collection system.  It is also a weather 
based system that has incorporated the use of 
evapotranspiration (ET) data.  Site information 
is combined with the weather station data to 
calculate the daily local microclimate ET and 
automatically adjust the daily irrigation 
schedule.  Drip pipelines are provided to the 
plant boxes to minimise the loss of water by 
evaporation or spraying everywhere.  The 
estimated annual water saving is more than 
35% as compared with the traditional irrigation 
method.   
 
 
Fig. 3 DIG Solar Wireless Irrigation System at 
LMA East Store Building 
 
Indoor environment is enhanced by adoption of 
natural ventilation effectively.  LMA East Store 
Building is oriented with its long façade facing 
the prevailing wind direction.  Natural 
ventilation is also facilitated by means of low 
level louvers on one façade and high level 




HEC is committed to protecting the 
environment and supporting sustainable 
development by conducting our business in an 
environmentally responsible manner.  From 
expanding our generation portfolio to cleaner 
energy and renewable energy, to promoting 
energy efficiency and conservation to our 
community, HEC is always aware of the 
impacts of our operations to the society. 
 
The concept of green building is becoming 
more popular in Hong Kong.  Impacts to the 
environment and human health are reduced 
through detailed planning for the life cycle of a 
building.  HEC understands the expectation of 
our stakeholders on environmental protection is 
increasing.  Thus, we look into every detail in 
our operations and invest a lot to reduce our 
impacts to our community, no matter directly 
or indirectly.  Our green buildings contribute to 
a more sustainable society and they fully 
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Railways as the backbone of Hong 
Kong's major public transport, its 
services are enhanced by MTR Corpo-
ration with the expansion of railway 
network and improvement of its feed-
er system. Hong Kong is a highly 
populated area and condensed with 
buildings and infrastructures. Un-
derground railway stations con-
structed by cut and cover method is 
commonly adopted by the Corporation 
in urban areas. Cut and cover method 
is using open excavation to dig up 
the ground, carry out the necessary 
construction work, and then backfill 
the ground. MTR Corporation has ex-
tensive experience for construction 
in urban areas. This paper will fo-
cus on the excavation lateral sup-
port (ELS) systems adopted by the 
Corporation’s for open excavation 
to facilitate the construction of 
underground stations. Design and 
construction approaches will also be 




Due to the lack of land area and high 
costs of land in Hong Kong, under-
ground stations are constructed so as 
to offer additional space for future 
development. The underground station 
are generally located as shallow as 
possible to cater the major factors 
such as architectural elements, pro-
vision of access and egress for pas-
sengers, and the anticipated signifi-
cant amount of underground 
obstructions in urban areas (Figure 
1).  The underground railway stations 
in Hong Kong are normally constructed 
by open excavation method in view of 
the above mentioned factors. The 
scope of this paper is to outline the 
excavation lateral support system 
adopted by MTR Corporation for the 
construction of underground stations 
& associated facilities in urban area 
and to discuss the challenges encoun-
tered during the execution of the 
work. 
 
Design and Construction of Hong Kong Railway Project –  
Challenges and Importance of Cut and Cover Method in Urban Area 
香港鐵路工程的設計與施工 –市區明挖回填方法之挑戰及重要性 
 










Underground construction projects in 
cities are necessary for continued 
and sustainable urban life, but they 
present distinct challenges. When the 
open excavation method is adopted in 
an urban area for construction of un-
derground structures, there is need 
to minimize the adverse effects on 
the surrounding environment. Using 
this method in Hong Kong is especial-
ly difficult, as the extremely effi-
cient use city space makes it diffi-
cult to find space to work, and 
noise, vibration, air pollution and 
traffic problems caused by construc-
tion need to be addressed.  Also, 
conservation of underground water is 
an important issue, therefore select-
ing a construction method that miti-
gate the adverse effects on surround-
ing community is the key to success 
in urban construction project. Under-
ground structures have to be con-
structed with minimal disruption to 
infrastructure and economic activity 
in the area. During construction of 
excavation support system, additional 
precautions are to be taken for adja-
cent structures and facilities. 
 
3. Types of retaining wall for 
underground construction 
 
Variety of construction techniques 
and walling systems for open excava-
tion have been adopted by the con-
struction industry in Hong Kong. As 
different types of walling systems 
have differences in quality such as 
verticality, strength and permeabil-
ity of the walls, consideration on 
underground and environmental condi-
tions, allowable construction period, 
cost, programme and construction 
plants are taken into account when 
choosing the appropriate walling sys-
tem to facilitate the underground 
construction works. In general, dia-
phragm wall and pipe pile wall are 
commonly adopted by the Corporation 
for the construction of stations.  
 
3.1 Sample project adopting 
diaphragm wall for construction of 
underground station  
 
A 300m long and 20m wide underground 
station is being constructed under-
neath an existing carriageway in ur-
ban area, which is in close proximity 
to the densely populated residential 
building area (Figure 2 & 3).   In 
response to the tight physical con-
straints along the street, the sta-
tion has a stacked platform to suit 
the street configuration. The base 
slab of the station box is being con-
structed at more than 30m below the 
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Figure 2 - Site Photo  
 
 
Figure 3 - Placing Steel Reinforce-
ment Cage of Diaphragm Wall Panel  
 
The station is being constructed by 
using cut and cover method in top-
down construction sequence. Diaphragm 
wall with 1.2m thick is used as the 
temporary and permanent lateral re-
taining structure, which will be lat-
erally supported by the permanent 
slabs at the permanent stage plus a 
total of seven layers of steel shor-
ing and concrete cross wall at the 
temporary stage.  Typical shoring 
layout is shown in Figure 4.   
 
 
Figure 4 – Typical Shoring Layout 
 
The diaphragm wall toe is founded on 
Grade IV/III or better rocks. Cross 
walls with 0.8m thick at spacing 6m 
are constructed to act as “pre-
installed” props and provide addi-
tional lateral support against soil 
and water pressure in order to mini-
mize the impact to the adjacent 
buildings due to ground movement. 
They are constructed using the same 
technique of diaphragm walling, with 
plain concrete for the ease of remov-
al during excavation.  Shear pins 
will be installed down to the speci-
fied level to maintain the toe sta-
bility.  Toe grouting is proposed as 
a water cut-off system to control the 
water drawdown due to dewatering ac-
tivities throughout the excavation. 
 
Another challenge of the station con-
struction is attributed to the exist-
ing traffic. It has to maintain the 
existing traffic along the street  
such that the station is being  con-
structed in 3 stages.  
 
3.1.1 Diaphragm wall   
 
Diaphragm wall provides robust struc-
tural support and water tightness. It 
is a classical technique for many 
deep excavation projects, large civil 
engineering works and underground 
structures. Diaphragm walling is a 
technique of constructing a continu-
ous underground reinforced concrete 
wall from the ground level. Typical 
wall thickness varies between 0.8m to 
1.5m. The wall is constructed panel 
by panel in full depth. Panel width 
varies generally from 2.5m to 6m. 
Typical details of diaphragm wall 
panel are shown in Figure 5. 
 
   
 
  
Figure 5 – Typical Details of Dia-
phragm Wall 
 
Diaphragm wall offers one of the most 
favorable solutions for deep excava-
tion for stations with depth more 
than 25m. The reasons are mainly the 
following: 
 
1. The shape of the diaphragm wall 
panels suits the shape of the 
final structural element (under-
ground station wall) 
2. The construction period is 
shorter due to excavation of 
panels longer than the pile 
3. The total number of joints is 
significantly reduced and there-
fore this system is more likely 
to be watertight 
4. With the reinforced concrete 
wall construction, it can pro-
vide good water cut-off. There-
fore, no dewatering is required 
for the construction 
5. Maximum use of the site; a dia-
phragm wall can be constructed a 
the extreme site perimeter 
6. Construction to great depth pos-
sible due to stiff rigid wall 
7. Safe construction method 
8. Inclination of the panel is con-
trolled during excavation in or-
der to ensure a continuous wall 
 
3.2 Sample project adopting pipe 
pile wall for the construction of 
underground station 
 
A station located in well developed, 
densely populated streets with exten-
sive residential towers situated on 
both side of the carriageways (Figure 
6). Pipe pile wall is adopted as ELS 
for this station since the excavation 
depth is relatively shallow.  This 
station comprises two concourses 
which are joined by a 100m long plat-
form tunnel and the associated over-
run tunnel to be constructed within 
this area. Whilst majority of the 
works is mainly beneath the carriage-
way, one of the concourse is being 
constructed using cut-and-cover meth-
od within a cofferdam where maximum 
dimension of the concourse is in the 
order of 100m x 20m x 24m deep. 
 
 
Figure 6 – Site Photo of pipe pile 
wall construction 
 
The cofferdam is mainly formed by 
pipe pile with 610mm outer diameter 
around the future station box.  Exca-
vation inside the cofferdam is pre-
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dominantly in soil while rock excava-
tion is expected towards the base of 
the station box. Strut system to lat-
erally support the cofferdam walls 
has been provided as the excavation 
inside the cofferdam is taken down-
wards.  King posts have also been 
provided inside the cofferdam to min-
imize the buckling effect on steel 
strut during excavation.  In order to 
maintain the live traffic within the 
main traffic zone, over the excava-
tion, temporary traffic decking is 
proposed which is supported by both 
the perimeter pipe pile walls and 
king posts. 
 
Ground treatment, particularly, cur-
tain grouting is proposed behind the 
cofferdam pipe pile walls to cut off 
groundwater inflow into the excava-
tions and hence reduce the extent of 
groundwater drawdown. Wider permea-
tion grouting is also proposed to 
strengthen the ground between the 
cofferdam and some of the residential 
buildings after detailed assessment 
of underground conditions. 
 
3.2.1  Pipe Pile Wall 
 
Pipe pile walls are very popular in 
Hong Kong due to their availability 
of construction plant and practica-
bility of operation. Pipe pile walls 
are rows of steel circular hollow 
section installed by boring method 
(Figure 7). In order to produce a 
continuous wall, lagging by steel 
plate or grouting is necessary be-
tween the piles. They avoid pre-
excavation of trench for diaphragm 
wall construction, and the boring 
method for installation of steel pipe 
pile can overcome underground ob-
struction such as core stones or 
boulder. By control the water inflow, 
it is more economical compared to di-
aphragm wall in small to medium scale 
excavation due to cost of site opera-
tion and bentonite plant. For under-
ground station excavation down to ap-
proximate 25m, this type of wall can 
be executed without major difficul-
ties. Typical details of pipe pile 








    
Figure 8 – Typical Details of Pipe 
Pile Wall, Strut and Waling 
 
 
4. Precautionary Measure and Con-
trols of Works 
 
All underground structures shall be 
designed so that they can be con-
structed in a practical manner. The 
generated vibration and settlements 
which may have effects on adjacent 
buildings and structures should be 
minimized to an acceptable level.  In 
order to demonstrate that this is the 
case, ground movements shall be esti-
mated using methods which have been 
approved in principle by the Corpora-
tion and government authorities.  A 
settlement contour plan will be pre-
sented according to the estimated 
ground movements which can define the 
influence zone to the Existing Build-





Figure 9 – Settlement Contour and 
EBS within Influence Zone 
 
4.1 Pre-condition Survey 
 
The Corporation will arrange a de-
tailed condition survey to be carried 
out for EBS adjacent to the work 
sites.  Generally, EBS within the in-
fluence zone bound by the contour of 
at least 10mm ground movement or peak 
particle velocity of 13mm/s will be 
surveyed, but exceptional buildings 
and structures outside such zone of 
influence should be considered on 
their merits.  The pre-construction 
condition survey with a full set of 
photographic record of the external, 
common areas and individual flats of 
the EBS within the influence zone 
will be carried out by an independent 
surveyor.  Review by the designer of 
these surveys shall be carried out 
and advice be given on the implica-
tions/considerations, if any, with 
respect to the proposed construction 
options and designs, if different to 
those contained within the detailed 
evaluations carried out previously. 
 
4.2 Instrumentation and Monitoring 
 
The designer will also determine the 
locations of all monitoring check 
points. The monitoring instruments 
shall be installed for the purpose of 
monitoring ground and structure move-
ments, groundwater and structural be-
havior prior to construction, during 
construction and following completion 






Figure 10 – Instrumentation and Mon-
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Readings of all monitoring check 
points at regular intervals are re-
quired to be taken and submitted to 
the Corporation promptly throughout 
the duration of the construction 
works. 
 
4.3 Three Triggering Levels (AAA 
Levels) 
 
The monitoring requirements for the 
EBS, slopes and utilities, arising 
from the proposed construction works 
should include a system of three 
triggering levels, namely the alert, 
alarm and action levels respectively.  
Movement control levels for the moni-
tored elements shall be defined in 
accordance with the following crite-
ria.  
 
(i) Alert Level  - It shall ini-
tially be set as 0.5 times the 
serviceability limit movement 
for the monitored elements.  
Upon reaching "Alert Level" 
movement at any location, the 
Contractor shall review the 
movements and assess the effect 
of movements on the monitored 
element and then submit pro-
posals for remedial measures to 
limit further movement for the 
approval of the Engineer. 
 
(ii) Alarm Level  - It shall ini-
tially be set as 0.7 times the 
serviceability limit movement 
for the monitored elements.  
Upon reaching "Alarm Level" 
movement at any location, the 
Contractor shall immediately 
instigate the approved remedi-
al measures agreed at the 
"Alert Level" status.  The 
Contractor is required to sub-
mit an updated report to re-
view the movements and assess 
the effect of the movement on 
the monitored elements.  In 
addition, revised "Alert Lev-
el" and "Alarm Level" values 
which take into account the 
implemented remedial works 
shall be submitted and ap-
proved by the Engineer before 
work may continue. 
 
(iii) Action Level - It shall ini-
tially be set at the servicea-
bility limit movement for the 
monitored element. Upon reach-
ing the “Action level” at 
any location the corresponding 
site works have to be suspend-
ed.  The Contractor is re-
quired to provide a report de-
tailing the full history of 
movements and remedial 
measures adopted in relation 
to the actual construction se-
quence.  The report shall con-
tain a review and interpreta-
tion of the events and give 
recommendations for enabling 
the work to proceed.  Work may 
only resume upon the written 
instruction of the Engineer. 
 
Provided that there are no particu-
larly sensitive adjacent buildings, 
structures and services, the follow-
ing may be taken as the AAA trigger 
for reference purpose. 
 
Table A – AAA trigger values gener-




Through careful planning and with due 
consideration in all aspects in the 
design and construction of under-
ground structures and the monitoring 
system to surround features, safety 
of the public and adjoining struc-
tures are safeguarded. Movements of 
the monitored elements are within the 
specified control limits with the im-
plementation of monitoring system 
which provide sufficient information 
to enable the excavation works to be 
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Key to Green Building 
  
Summary 
The objectives of this paper are to review the key drivers and issues behind the greener building 
movement, identify the most appropriate green building standards in Hong Kong; understand the 
issues, discuss measures organizations could take to turn a building green, and share CLP’s 
experience on green building management.  
Green building is not only an energy efficient building, it is an environmentally-friendly and 
resource-efficient building.  However, it should be noted that some well- designed buildings do not 
necessarily translate to green performance due to a variety of reasons. 
Therefore it is important for organisations to assess and establish the environmental aspects of a 
building prior to determining approaches to transforming their building. The results will pave the 
way for identifying and adopting a recognised building performance standard and benchmark 
performance.  This paper identifies critical factors and proposes a framework for a green building.  
These include integrating key issues of a building into the ISO 14001 environmental management 
system, conducting regular carbon and energy audit, implementing high energy efficiency building 
installations, and setting up performance indicators for continuous monitoring. 
This paper also shares WBCSD’s Manifesto for Energy Efficiency in Buildings and how CLP 
promotes energy efficiency and efforts to achieve green buildings. 
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Introduction 
Much of our lives is spent inside buildings, yet most of us tend to pay little attention to the energy 
consumed by buildings, the amount of waste generated on a daily basis, the efficiency of the air 
conditioning system, and the impacts of buildings to the surrounding and global environment. 
Needless to say, the benefits delivered in terms of energy efficiency attributable to a good building 
design are often overlooked. Thanks to concerns over climate change, recent air quality issues and 
increase of environmental awareness as well as enforcement of more regulatory control, this situation  
is changing. 
 
In some countries, moving towards a green building has progressed surprisingly fast as evidenced by 
the rapid releasing of more new or revised polices and regulations related to energy efficiency and 
performance of green buildings.  For example, the compulsory requirement for large building to 
display energy certificate under the Energy Performance of Building Directive since 2008 and 
implementation of green deal scheme in 2013 in UK.   
 
The objectives of this paper are to review the key drivers behind the greener building movement, 
identify the most appropriate green building standards; understand the issues, discuss methods to turn 
a building green, and share CLP’s experience on green building management.  
 
 In this paper, a green building is simply defined as low carbon (or energy efficiency) building and 
performing in an environmental responsible and resource efficient manner.  At the same time it also 
meets the needs and expectations of the occupants and relevant stakeholders. 
What is a green building? 
Key to Green Building 
  
The meaning of a green building and a sustainable building is best described and defined by the 
Building Environmental Assessment Method (BEAM)1. it also quotes from ASTM2 which states that 
a “green building” is defined as  “a building that provides the specified building performance 
requirements while minimising disturbance to and improving the functioning of local, regional, and 
global ecosystems both during and after its construction and specified service life.  Furthermore, “a 
green building optimises efficiencies in resource management and operational performance; and, 
minimise risks to human and the environment”. 
 
In addition to the above definition, BEAM  defines a sustainable buildings by including social and 
economic aspects BEAM considers that in the context of Hong Kong’ sub-tropical climate and dense 
high-rise development, a sustainable building should meet the aspects of, in the priority order, safe, 
healthy, comfortable, functional and efficient.  These definitions align with the definition and 
objectives of this paper except that the social and economic aspects are not included. 
  
                                                          
1 BEAM is a Hong Kong standard that defines building quality and is owned and operated by BEAM society Limited. 
http://www.beamsociety.org.hk 
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Why do we need a green building? 
According to the UK Committee on Climate Change, greenhouse gas (GHG) emissions from 
buildings contributed 35% of the UK’s total in 2011.  Its latest progress report on meeting UK’s 
carbon targets reveals that 66% of GHG emissions from buildings are from residential ones, while 
commercial and public sector emissions accounts for 25% and 90% respectively3.  In Hong Kong, 
the situation is even more critical.  Over 60% of GHG emissions come from electricity, in which 
90% of electricity is consumed by buildings4. 
 
Therefore, as Hong Kong strives to do its part in the Mainland’s carbon intensity reduction goals, it 
is important to focus on GHG reductions from buildings. In addition to new and revised polices and 
regulatory requirements in relation to energy consumption, there are a number of factors and drivers, 
which will vary according to the needs and development of various countries, behind the green 
buildings movement In brief, key drivers to make such change are summarised in below table. 
Table 1 : Key drivers to change a building green 
Driver Past Present Future 
Regulatory Requirements ♣ ♣♣ ♣♣♣♣ 
Policies (government & private) ♣ ♣♣♣ ♣♣♣♣ 
Green group’s agenda ? ♣ ♣♣ 
People’s awareness ♣ ♣♣ ♣♣ 
Money saving ♣ ♣♣ ♣♣♣♣ 
Stakeholder expectations (Feeling 
green, company initiative) 
? ♣♣ ♣♣♣♣♣ 
♣ intensity of the driver, e.g. more regulatory requirements and policies in future than in the past.  ? 
means not aware of. 
 
                                                          
3 Paul Suff, Makeover SOS, the Environmentalist, October 2012. 
4 Page 2-3. CCBF, Carbon-Smart Building. Tackling Energy Efficiency in HK’s Commercial Buildings 
Key to Green Building 
  
Regardless of whether it is regulatory compliance or environmental stewardship, there will be some 
changes for the design, construction, operation and maintenance of buildings. 
 
Furthermore, driving forces from developers, occupants and relevant stakeholders should not be 
overlooked.  With the increasing environmental awareness and appreciation for the concept of 
sustainable development among the public, expectations for an environmentally friendly and quality 
working and living environment within a building are higher today.  
 
How long has this change been started?  It is difficult to have an exact answer.  However, it is likely 
to have started in early to mid 2000s when the film “The Day after tomorrow” was broadcasted and 
Al Gore launched his global warming and climate change programme as well as his book & film 
“Inconvenient Truth”.  People started to realise the importance to protect our environment and that 
contribution from each of us as an individual is crucial.  These changes gradually lead to concept of a 
green building and protect the global environment. 
 
How green is green? 
There have already been many national and international standards to specify the design, 
construction, operation and maintenance of a building.  To make a building green, it is necessary to 
identify and adopt an appropriate standard and then benchmark performance. 
 
In Hong Kong, the Electrical and Mechanical Services Department has already launched the Energy 
Efficiency Registration Scheme for Buildings since 1998 and also its fifth code - Performance-based 
Building Energy Code in 2003.  Under this Scheme, there are five sets of code covering lighting, air 
conditioning, electrical and lift & escalator installation and the minimum energy performance 
standards of these installations. 
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These Codes form the basis of energy efficiency for a building if it is designed, retro-fitted and 
operated according to the requirements.  If a wider set of environmental aspects is considered, more 
consideration, measures and initiatives are needed. 
 
Adopting a recognised building performance standard 
Every country and city has its unique climate, culture and development.  Factors like temperature, 
rainfall, humidity, rain storm, geographical location, etc. highly affect the performance of a building.  
 
There are some recognised international standards (e.g. LEED5) and local standards (e.g. BEAM) 
that can be adopted for a green building.   If Hong Kong’s sub-tropical climate and dense high-rise 
environment is considered, the latest version of BEAM Standard, the BEAM Plus Version 1.2, seems 
to be more appropriate.  BEAM embraces a wide range of sustainability issues, environmental issues 
(including climate change and global warming in the latest version) and covers the whole-life 
performance of buildings.  The standard is applied to assessing new buildings upon completion; and 
certifies actual performance.  Furthermore, it embraces management, operation and maintenance 
practices to ensure high level of building performance. 
 
Under BEAM, a comprehensive set of performance standards are provided and can be pursued by 
developers and owners.  These standards are separated into 5 key aspects, namely:  
 site aspects; 
 materials aspects; 
 energy use; 
 water use; and 
                                                          
5 Leadership in Energy and Environmental Design developed by the US Green Building Council 
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 indoor environmental quality. 
Each category has a different rating. Depending on how a building is to follow these standards and 
its final performance, a building joining this scheme will be assessed and an overall grade will be 
determined by the percentage of the applicable credits gained under each performance category and 
its weighting factor.   The best performer will be awarded a Platinum grade if the overall percentage 
is 75% or above while a Bronze is given to an above average performer with an overall percentage of 
40. 
 
In principle, this kind of building performance standard can provide the basic requirement to turn a 
building (new or existing) green and provide guidance for a building to perform in a responsible and 
environmentally friendly manner throughout the building’s life cycle.   
 
A well-designed building does not necessarily translate to green performance 
“Few buildings perform as efficiently and effectively as they are designed to.  And not just by an 
inconsequential margin but by a factor of two or three when it comes to energy use” mentioned in an 
article written by Richenda Wilson6.  It also quoted a comment from the Building Services Research 
and Information Association (BSRIA) that “the greenest buildings on paper tend to be the biggest 
disappointment.” This article further mentions that many new buildings disappoint, not only in 
energy use but also have higher than expected running cost and disappointment levels of occupant 
satisfaction. 
 
It is not difficult to recognise these facts when the tenants move in to a new building.  The 
differences in energy use are likely because of the method of energy consumption estimation.  If a 
building, during its design and construction stage, is to estimate based on fixed building installations 
                                                          
6 Richenda Wilson, Buildings on the best laid plans, the Environmentalist, Oct 2012, IEMA  
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such as air conditioning, ventilation, lift and escalator, lighting, etc, it will not account for the 
appliances/ equipment plugged into the sockets, from the IT equipment and more unpredictably the 
behaviour of the occupants.  If a building has a data centre, many display rooms / restaurants, storage 
of items (e.g. food and beverage) in low temperature environment, the overall electricity bill can be 
high. 
 
Energy efficiency is only one key aspect of a green building.  If other aspects are considered such as 
solid waste and water management, the operation and maintenance of a green building can be made 
more difficult and complicated.   As such it is not only a design issue but also an implementation and 
sometimes cultural issue.  
 
How about buildings not following a recognised building performance standard? 
Furthermore, the majority of buildings, at least in Hong Kong, do not follow a recognised building 
performance standard (e.g. BEAM or LEED) in particular existing buildings (both commercial and 
residential) or buildings occupied by small and medium enterprise.  Then are there any green 
building framework or standards that these buildings / companies can follow and implement?  For a 
long run this will definitely help reduce the GHG emissions and resource depletion and finally 
contribute to the national GHG target. 
 
To answer these questions and understand the issue, it should be started from reviewing the 
environmental aspects of a building before looking into solutions for a green building. 
 
Understanding the issue 
Key to Green Building 
  
To identify and evaluate significant environmental aspects, the most widely adopted and recognised 
method is to follow Section 4.3.1 of ISO 14001 and 14004 Environmental Management System 
(EMS) standard. 
 
Considering the life cycle of a building, it can be broadly separated into 3 phases, i.e.  
 Design and construction 
 Operation and Maintenance 
 Decommissioning 
For simplicity, this paper only focuses on the operation and maintenance phase of a building. 
 
Environmental Aspect of a Building 
Based on professional judgement, desktop review, site visit and previous experience, environmental 
aspects of a building during the operational and maintenance stage are established and summarised in 
Table 2 below.  It is noted that the proposed aspect list : 
 is not a comprehensive list 
 only identifies key issues 
 is applicable to a typical commercial and residential building rather than mixed-type 
buildings with industrial processes. 
 
Below is only a summary of key activities of a building that interact with the environment and the 
associated environmental aspects.  Details of their impacts, operational control and monitoring are 
listed in Appendix 1.    
Table 2 : Key activities & the associated environmental aspect of a typical building 
 Activities Environmental Considerations 
1 Operation and Maintenance of 
Ventilation and air conditioning 
a. Consumption of energy 
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 Activities Environmental Considerations 
c. Handling and disposal of chemical 
waste 
 
2 Operation and Maintenance of Lift 
and escalator 
a. Consumption of electricity 
 
c. Handling and disposal of chemical 
waste 
 
3 Lighting a. Consumption of electricity 
 
c. Handling and disposal of chemical 
waste 
 
4 Solid waste management d. Solid waste Storage and disposal 
 
e. Waste segregation, reuse and recycling 
 
f. Food waste collection or composting 
 
5 Effluent generated from sewage, car 
washing, cleaning, etc. 
 
g. Wastewater treatment and recycling 
6 Water conservation 
 
h. Water re-use and harvest 
7 Managing a comfort and healthy 
indoor air quality 
 
i. Indoor air quality performance indicator 
8 Greening the building  environment 
 
j. A more diverse and natural environment 
9 Operation and maintenance of 
electrical appliance, Office & IT 
equipment 
a. Consumption of electricity 
 
c. Handling and disposal of chemical 
waste 
 
10 Practising green behaviour 
 
k. Performing in an environmentally 
responsible manner, e.g energy saving, 
waste recycling, etc.  
11 Selection and use of environmentally 
friendly appliances and products 
 
l. Green procurement 
12 Operation and maintenance of backup 
diesel generator 
m. Fuel consumption and emissions 
 
Evaluation of significant environmental aspects 
Selection of criteria is based on : 
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 Scale and severity of environmental impacts, i.e. high energy and natural resources 
consumption 
 Whether the aspect is subject to regulatory control or internal policy, e.g. Chemical Waste 
Regulation; internal Energy Policy; 
 Measures that have beneficial impacts, e.g. saving natural resources and reducing the amount 
for disposal 
 Factors that affect the health and quality of a working and living environment 
From an energy consumption context, all building fix installations are significant aspects as they 
consumed most of the energy.  Waste management and effluent discharge are also key aspects as 
they have regulatory control, at least for the part of collection and disposal.  As a green building, 
more consideration and initiatives are needed to go beyond compliance.  Therefore most of the 
existing environmental initiatives and practices on recycling in such as paper recycling, metal reuse, 
etc. should be included. The next important aspect is Indoor Air Quality (IAQ) as it will affect the 
health and efficiency of the occupants.  For others, it depends on the expectations of the 
occupants/building owner and how green they would like to go.  
 
Finally it also depends on whether the building owner or property management will establish and 
implement an Environmental Policy (and / or an Energy Policy) and an Environmental Management 
System (and / or an Energy Management System).  It also depends whether there are any incentive / 
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How to turn a building green (or build a green building)  
There are many ways to turn a building green.  It may start from the design and construction stage or 
retrofitting the existing building.  Below sections propose a framework to turn a building green. 
 
Adopting an appropriate and local building performance standard  
As mentioned earlier, to adopt directly the BEAM Plus grading system  for instance, is one of the 
best ways to attain the basic requirement of a green building and benchmark performance.  This is 
applicable to both new and existing buildings.  The advantage of this approach is that a recognised 
building performance standard has already provided a comprehensive and fair assessment of the 
overall performance of a building in most of the environmental aspects as well as sustainability areas.  
It also recognises best practices and demonstrates performance qualities to end users. 
 
Its  method of quantifying overall performance can provide an easy to understand energy saving and 
environmental protection efforts.  It also identifies areas for continual improvement. 
 
Retrofitting existing buildings 
According to the Intergovernmental Panel on Climate Change, retrofitting existing buildings has the 
largest potential of all measures to reduce GHG emissions by 2030.  Therefore, retrofitting of 
existing building by addressing part of the significant environmental issues defined above can make 
a big different and reduce lots of its carbon footprint.  For example, if all incandescent lamps are 
replaced by T5 florescence tube or LED lamp, the reduction of energy consumed could reach over 
80%.  If a glass recycle bin can be provided, hundreds of empty glass bottles can be reused for other 
materials, such as bricks that are used to pave pedestrian sidewalks.  If water can be harvested, both 
the carbon footprint and water consumption can be reduced. . 
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Below two tables provide a brief account on energy saving and environmental control measures for a 
green building.  Key information is based on the Energy Management in Buildings7, BEAM Plus and 
CCBF8.  
 
Building services installation / equipment : 





Others initiatives / standards 
Air Conditioning and 
Mechanical 
Ventilation 
Building Energy Codes; 
energy label 
Chilller dynamic control; ultra-efficiency 
air conditioning, e.g. water-cooled chillers 
with oil-free magnetic bearing 
compressors or with a control variable 
speed systesm 
Lighting Building Energy Codes; 
energy label 
No incandescence lamps; T5 and LED 
Integrated controls for occupancy, smart 
energy metering systems 
Office Equipment & 
IT equipment 
Green Label; Energy 
Label 
Integrated controls for occupancy, smart 
energy metering systems 
Life & escalator Building Energy Codes  
Renewal Energy & 
energy efficiency 
equipment 
 Use of solar energy; heat pump, etc. 
Facade treatment with solar film 
Material use  Use environmentally friendly refrigerants 
Use of rapidly renewal materials or 
sustainable forest product 
DO not use prohibited substances such as 
asbestos, ozone depleting substances, etc. 
 
Environmentally friendly measures : beyond compliance 
Table 4 : Key Environmental Measures for a Green Building 
Environmental measures Recommended 
Standards 
Others initiatives / standards  
Water conservation and 
wastewater treatment 
NA Water conservation plan, water saving 
devices, water audit, etc. 
Solid Waste Management NA Waste management plan; 
demonstrating reduction in waste 
disposal and increased recycling; 
providing facilities for collection, 
                                                          
7 Best Practice Series, Vol 4 2003, IEMA : Energy Management in Buildings 
8 CCBF, Carbon-Smart Buildings – Tackling Energy Efficiency in HK’s Commercial Buildings 
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7 Best Practice Series, Vol 4 2003, IEMA : Energy Management in Buildings 
8 CCBF, Carbon-Smart Buildings – Tackling Energy Efficiency in HK’s Commercial Buildings 
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sorting, etc. 




Indoor Air Quality EPD’s IAQ scheme. Suggest at least good class for existing 




How to sustain a green building  
To sustain a green building, a consistent and systematic process to manage the key environmental 
aspects as well as influencing stakeholders is needed in addition to adopting energy efficiency 
building services installations descripted above.  It is proposed that a recognised environmental 
management system with setting up of key building performance indicator should be adopted. 
 
Adopting the ISO 14001 
For most of the buildings that do not (or cannot) follow a recognised building performance standard 
and its grading system, the most straightforward approach is to adopt and ISO 14001 EMS and 
conduct regular carbon / energy audit. 
 
Does a green building need ISO 50001? 
With the introduction of a specific system - ISO 50001 - for energy management, building owner or 
occupant can further explore the opportunity to follow this standard and review its applicability to a 
green building.  However, it is considered that ISO 14001, with an appropriate policy, and 
identification of a set of performance indicator are the basic system / platform to manage the key 
environmental aspects, including energy consumption, for a green building. 
 
Setting up performance indicators and ISO 14064 
The weakness of ISO 14001 EMS in the context of green building is that:  
Key to Green Building 
  
 it does not have a mandatory process to capture and monitor building performance indicators 
(e.g. energy consumption and greenhouse gas emissions) 
 it is not detailed enough to provide a systematic framework and processes for data capture, 
compilation and calculation 
Therefore, it is highly recommended that the process is supported by ISO 140649 (preferably cum 
energy audit) to quantify the carbon footprint, at least for scope 1 and scope 2 greenhouse gases. 
 
Quantifying GHG emissions is not a complicated process and there are many useful guidelines and 
templates to assist a company or a premise to evaluate its own carbon footprint.  For example, the 
guideline to account for and report on GHG issued by the Hong Kong Government10 is a good 
reference for this purpose. 
 
Based on the significant environmental aspects defined in Table 2, key performance indicators can 
be determined for continuous monitoring, for example, energy consumption, solid waste (both 
hazardous and non-hazardous waste) recycling, disposal, water consumption / reuse, wastewater 
discharge, etc.  These indicators are summarised in below table. 
 
Table 5 : Suggested key performance indicators for a green building  
 Environmental Aspect 
 
Key Performance Indicators 
a Consumption of energy 
 
Electricity consumption monitoring 
b Use of refrigerants 
 
Consumption of HFC 
c Handling and disposal of chemical 
waste 
 
Chemical waste disposal quantities 
 
d Solid waste Storage and disposal Construction waste and other solid waste 
                                                          
9 ISO 14064 is an ISO standard for quantification and reporting of Greenhouse Gas Emissions and Removals 
10 EMSD & EPD. Guidelines to Account for and Report on Greenhouse Gas Emissions and Removals for Buildings 
(Commercial, Residential or Institutional Purposes) in Hong Kong. 
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 Environmental Aspect 
 
Key Performance Indicators 
disposal quantities 
 
e Waste segregation, reuse and 
recycling 
Solid waste reuse/recycle quantities, e.g. 
WEEE, plastics, paper, metals, 
 
Recycling & Reuse to disposal ratio 
 
f Food waste collection or 
composting 
Food waste disposal or composting records 
 
g Wastewater treatment and recycling 
 
Effluent discharge quantities 
h Water re-use and harvest 
 
Water recycling and reuse quantities 
i Indoor air quality performance 
indicator 
 
Regular monitoring and follow-up action 
j A more diverse and natural 
environment 
 
No. of tree planted. 




l Green procurement 
 
% of products with green labels and % of 
contractor/supplier with ISO 14001 
 
 
Conducting Energy Audit  
Whether a building is new or existing, building performance evaluation is necessary to evaluate 
energy consumption and identify problems and energy saving opportunities.  It can be conducted 
through regular walkthrough or site inspection; occupant satisfaction survey and finally energy and 
environmental audit.  If an ISO 14001 EMS is implemented, this process can be integrated into 
existing practices. 
 
The recent enforcement of energy audit for commercial building in Hong Kong is a big step to 
monitor energy efficiency and towards a green building. 
 
Other Green Initiatives 
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Other areas of importance for successfully implementation of a green building include : 
 The Indoor Air Quality Certification 
 Green procurement 
 Green IT 
 Performance contracting 
 
WBCSD – Manifesto for Energy Efficiency in Building 
In addition to above initiatives, there are also some voluntary programmes that promote building 
energy efficiency in a strategic manner, for example, the World Business Council for Sustainable 
Development (WBCSD)11.  It initiated a Manifesto for Energy Efficiency in Buildings and aims to 
guide WBCSD member companies to improve the energy performance of their commercial buildings.  
This manifesto is to be signed by the CEO of a company; thus reflecting commitment from top 
management.  
 
This kind of programme allows member companies, based on their own business nature and 
environment, set out and report the energy reduction target.  Its five proposed actions are good 
reference to set medium to long term targets for any company.  Key actions include: 
 Create a baseline of the company’s building and set time based energy/and CO2 reduction 
targets; 
 Publish the company policy for minimum energy performance levels; 
 Define and carry out the company’s audit program and implementation strategy to meet 
energy targets for its commercial buildings; 
 Publish annually, building energy use, CO2 emissions and progress against reduction targets, 
in the company’s respective CSR or other report; 
                                                          
11 The WBCSD brings together some 200 international companies in a shared commitment to sustainable development 
through economic growth, ecological balance and social progress.  www.wbcsd.org 
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 Further promote building energy efficiency among suppliers, employees, and other 
stakeholders through advocacy, marketing activity, R&D, education and training. 
 
There are also some key points to note :  
 There is a commitment to publish the annual energy or CO2 emissions results, usually 
through its CSR or Sustainability Report.  As such, public disclosure reflects the company’s 
commitment to the target and commitment to transparency  
 Minimum energy performance level is also required to be set and published.  Therefore 
benchmarking of performance and adopting reasonable and recognised standards such as 
Building Energy Code is needed. 
Actions proposed in this programme are worth reviewing and highly recommended to all large 
corporation and utility companies. 
 
Involvement of Local Government : Incentive & Green Deal 
To motivate all occupants and building owners to adopt energy efficiency measures (e.g. converting 
incandescence lamp to compact fluorescence lamp / T5 tube, etc.), effective governmental policies 
and incentive (or punishment) are sometimes needed. 
 
It is noted that the first green deal in UK will be signed in 20131213.  The scheme allows the cost of 
installing energy-efficiency measures to be financed through a charge attached to a property’s 
electricity meter.  This kind of deal provides a solution for those occupants and business unwilling to 
invest in energy efficiency because of initial cost. 
 
Best Practice and Information Sharing 
                                                          
12 Page 3, Deal or no deal?, the Environmentalist, Oct 2012 
13 Paul Stuff, The Great Deal – Makeover SOS, the Environmentalist, Oct 2012 
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To encourage best practices and information sharing among building services professional, platforms 
like Usable Building Trust [usablebuildings.co.uk] and Carbon Buzz [cabronbuzz.org], etc. should be 
set up and promoted locally. 
 
Conclusion - Critical factors for a green building 
Based on the above discussion, it is a trend that buildings will become more energy efficient and 
environmentally friendly in future.  This not only meets the expectations of stakeholders but also 
meets the upcoming carbon reduction target and more stringent building management regulatory 
requirements.  Therefore it is time to act now and critically review how to reduce the carbon 
footprint and turn a building green. 
 
Recognising that some buildings or companies may not opt to fully adopt and implement building 
performance standards such as BEAM Plus, there are still a number of measures that organisations 
could apply to enhance the environmental performances of their buildings:  
 Adopt and implement the ISO 14001 Environmental Management System to manage the 
significant environmental aspect of a building and preferably supported by an ISO 14064 to 
quantify the carbon footprint; 
 Set out minimum energy performance standard based on the Building Energy Codes 
 Through building performance evaluation, identifying energy saving opportunities and 
improvement areas for environmental aspects 
 Setting up building performance indicator and monitor the performance on a regular basis 
 With reference to or following the proposed actions and strategy of WBCSD Manifesto 
o Below diagram illustrate the management framework for a green building 
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benchmarking of performance and adopting reasonable and recognised standards such as 
Building Energy Code is needed. 
Actions proposed in this programme are worth reviewing and highly recommended to all large 
corporation and utility companies. 
 
Involvement of Local Government : Incentive & Green Deal 
To motivate all occupants and building owners to adopt energy efficiency measures (e.g. converting 
incandescence lamp to compact fluorescence lamp / T5 tube, etc.), effective governmental policies 
and incentive (or punishment) are sometimes needed. 
 
It is noted that the first green deal in UK will be signed in 20131213.  The scheme allows the cost of 
installing energy-efficiency measures to be financed through a charge attached to a property’s 
electricity meter.  This kind of deal provides a solution for those occupants and business unwilling to 
invest in energy efficiency because of initial cost. 
 
Best Practice and Information Sharing 
                                                          
12 Page 3, Deal or no deal?, the Environmentalist, Oct 2012 
13 Paul Stuff, The Great Deal – Makeover SOS, the Environmentalist, Oct 2012 
Key to Green Building 
  
To encourage best practices and information sharing among building services professional, platforms 
like Usable Building Trust [usablebuildings.co.uk] and Carbon Buzz [cabronbuzz.org], etc. should be 
set up and promoted locally. 
 
Conclusion - Critical factors for a green building 
Based on the above discussion, it is a trend that buildings will become more energy efficient and 
environmentally friendly in future.  This not only meets the expectations of stakeholders but also 
meets the upcoming carbon reduction target and more stringent building management regulatory 
requirements.  Therefore it is time to act now and critically review how to reduce the carbon 
footprint and turn a building green. 
 
Recognising that some buildings or companies may not opt to fully adopt and implement building 
performance standards such as BEAM Plus, there are still a number of measures that organisations 
could apply to enhance the environmental performances of their buildings:  
 Adopt and implement the ISO 14001 Environmental Management System to manage the 
significant environmental aspect of a building and preferably supported by an ISO 14064 to 
quantify the carbon footprint; 
 Set out minimum energy performance standard based on the Building Energy Codes 
 Through building performance evaluation, identifying energy saving opportunities and 
improvement areas for environmental aspects 
 Setting up building performance indicator and monitor the performance on a regular basis 
 With reference to or following the proposed actions and strategy of WBCSD Manifesto 
o Below diagram illustrate the management framework for a green building 
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Key to Green Building 
  
Case Study : CLP Green Buildings 
In 2007, CLP issued its Climate Vision 2050, which sets out the company’s commitment to reduce 
the carbon intensity of generating portfolio from 0.84 kg CO2/kWh in 2007 to 0.2 CO2/kWh by 
2050.  To achieve this goal, CLP has been increasing its investment in both the production and use of 
cleaner fuels such as  renewable energy, natural gas; nuclear power and lower-calorific (You know 
the proper term) coal. 
 
In Hong Kong, CLP Power published its Energy Vision, a roadmap for clean energy generation, 
which involves the strengthening of infrastructure integration with South China; adopting a cleaner 
fuel mix for cleaner air; and, promoting energy efficiency. 
 
Energy savings is one of the most direct methods to help reduce CO2 emissions.  As such CLP 
supports initiatives that maximise energy efficiency in buildings.  Below are key measures and 
initiatives : 
 
Adoption of Building Energy Codes 
CLP Group or Power Hong Kong adopted the Building Energy Codes in accordance to local 
regulations whenever possible within its own buildings.  As of end 2010, 29 registration for 11 CLP 
buildings have already been completed under the Energy Efficiency Registration Scheme. 
 
Improving Overall Thermal Transfer Value (OTTV) Standards and Promoting Wider 
Adoption of Green Roofing 
CLP Power has incorporated key design features which can improve the OTTV value in our 
electricity substation building such as green roof, vertical greening and less window glazing.  Green 
roof/ wall features are being incorporated into new and existing substations 
論文集
707

















Key to Green Building 
  
Case Study : CLP Green Buildings 
In 2007, CLP issued its Climate Vision 2050, which sets out the company’s commitment to reduce 
the carbon intensity of generating portfolio from 0.84 kg CO2/kWh in 2007 to 0.2 CO2/kWh by 
2050.  To achieve this goal, CLP has been increasing its investment in both the production and use of 
cleaner fuels such as  renewable energy, natural gas; nuclear power and lower-calorific (You know 
the proper term) coal. 
 
In Hong Kong, CLP Power published its Energy Vision, a roadmap for clean energy generation, 
which involves the strengthening of infrastructure integration with South China; adopting a cleaner 
fuel mix for cleaner air; and, promoting energy efficiency. 
 
Energy savings is one of the most direct methods to help reduce CO2 emissions.  As such CLP 
supports initiatives that maximise energy efficiency in buildings.  Below are key measures and 
initiatives : 
 
Adoption of Building Energy Codes 
CLP Group or Power Hong Kong adopted the Building Energy Codes in accordance to local 
regulations whenever possible within its own buildings.  As of end 2010, 29 registration for 11 CLP 
buildings have already been completed under the Energy Efficiency Registration Scheme. 
 
Improving Overall Thermal Transfer Value (OTTV) Standards and Promoting Wider 
Adoption of Green Roofing 
CLP Power has incorporated key design features which can improve the OTTV value in our 
electricity substation building such as green roof, vertical greening and less window glazing.  Green 
roof/ wall features are being incorporated into new and existing substations 
論文集
708
2  0  1  4  亞   太   城   市   建   設   實   務   論   壇 
Key to Green Building 
  
 
Expanding Use of District Cooling or Water-cooled Air Conditioning 
Water-cooled chiller is at least 30% more energy-efficient than older air-cooled equivalents.  In 
Hong Kong, CLP has helped our commercial and industrial customers to convert air-cooled chillers 
to the more efficient water-cooled chiller. 
 
Improving energy efficiency in commercial buildings 
CLP Power assists our commercial and industrial customers to conduct energy audit and identify 
energy saving opportunities.  It is estimated about 30GWh of electricity can be saved (equivalent to 
about 16 kT CO2) each year. 
 
The GreenPLUS programme, launched in August 2010 aims to help small-to-medium enterprises 
and non-governmental organization (NGOs) to implement Energy Efficiency & Conservation 
measures.  Through implementing the recommended improvement, about 5% to 20% of energy can 
be saved.  Internally CLP has introduced an internal “Go Green” campaign to promote a green 
culture since 2005.  Up to now, CLP offices have already reduced about 10% electricity consumption, 
cut about half dry cell consumption, recycled tonnes of paper, etc. 
Towards the concept of green building 
In addition, there are many other initiatives, measures and programme implemented in CLP towards 
the concept of a green building.  These include : 
Implementation of an ISO 14001 EMS 
 ISO 14001 is implemented in all power stations under CLP’s operational control and key 
business units 
 ISO 14064 is implemented for all buildings and carbon footprint is quantified annually 
Key to Green Building 
  
 Indoor Air Quality : Corporate guideline has been issued to set out Indoor Air Quality 
standards and requirements.  Selected buildings are certified to the government’s IAQ 
scheme 
 Solid wastes are re-used, reduced, recycled, replaced through the Go Green Programme or 
other environmental programmes. 
 
Committing to the WBCSD Manifesto 
CLP also commits to the WBCSD Manifesto.  Energy audits are being conducted in the CLP 
Group’s commercial buildings to collect baseline data on energy consumption, identify saving 
opportunities, set targets and prepare for external reporting.  Under this programme, about 50 
premises will be measured for baseline and tracked in future years on their electricity consumptions.  
 
With the implementation of all these initiatives and programmes, CLP is making sound progress 
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Table 5 : Suggested key performance indicators for a green building 
 
 Env. Aspect 
 
Env. Impact / 
Benefit 
Regulation* Key Performance 
Indicators 





emission of air 
pollutants 
NA Electricity consumption 
monitoring 
b Use of 
refrigerants 
Global warming & 
ozone depleting 
Montreal Protocol 
and Ozone Layer 
Protection 
Ordinance 
Consumption of HFC 








Chemical waste disposal 
quantities 
 
d Solid waste 
Storage and 
disposal 




Construction waste and 













Solid waste reuse/recycle 
quantities, e.g. WEEE, 
plastics, paper, metals, 
Recycling & Reuse to 
disposal ratio 
f Food waste 
collection or 
composting 
Waste of natural 
resources and end 















h Water re-use and 
harvest 
Water saving NA Water recycling and reuse 
quantities 




indoor air quality 
Relevant indoor air 
quality standard. 
Regular monitoring and 
follow-up action 





NA No. of tree planted. 















NA % of products with green 
labels. 
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